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IDEHTIFIERS 
ABSTRACT 

This RatQ Training Manqal and Nonresident Career 
Course (BTH/MRCC) form a self-study packajgie that vlll enable Navy 
r?idlomen to help themselves to fulfill the requirements of their 
ratltig. Of the seventeen chapters In the manual, the first Is 
nontechnlcaT; providing Information concerning the radioman rating 
and the, Havy advancements, system and helpful hints for preparing for 
Navy examinations. The remaining sixteen chapters-deal vlth the 
technical requirements of the rating which , lnc3,ud€ the subjects of 
'basic electricity; transmittet, receiv'er, and ^nt^nna theory; types 
and theory of radio vave propagation; systems of diaqnosls and 
quality assurance; testing equipment; communications organization, 
security, and message formats; theory and operation of teletypewriter 
circuits, automated systems, *and radio communications equipment; 
procedures of fleet cpkmunXcatiohs and distress communications; and 
classes and types of commercial traffic. The manual*s appendix 
furnishes a glossary of terms, ^ electronics symbols, and basic 
electrical formulas, Osing the manual as its textbook, the NRCC 
contains a set of assiqnments consist inq of multiple choice questions 
and self-scoring answer sh^eets. The learninq objectives which precede 
each assignment set are designed to lead students through the RT11« 



««««« ♦^^t^^^^^' ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦ 

* Reproductions supplied by EDRS .are the best that can be made 

* from the original document. ♦ 
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Although tho words "he'\ "him", and "his"^, ^ 
are used sparingly in this manual to enhance 
communication, they are not intended to be 
gender driven nor tp affront or discriminate 
against anyone reajBing Radioman J. & 2, 
NAVEDTRA 10228-G. 
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PREFACE 



* ■ 

This Rate Training Manual and Nonresident Career Course" (RTM/ 
NRCC) form a self-study package that will enable amt)ltlous Radiomen 
to help themselves fulfill the requirements of theli- rating. Among these 
requirements are to understand basic electricity and transmitter, 
receiver, an^ antenna theory; ensure quality assura^nce utilizing test 
equipment; and possess a basic knowledge of con>munications organization, 
security ,v message formats, ^rid procedui'es of fleet communications, 

Desigfl|d for individual study and not formal classroom instruction, 
the RJMl|rpyidjee subject matter that relates directly to the occu- 
pational standards of the Radioman rating jais listed in the Manual of 
Manpower and Personnel Classifications and Occupational Standards,. 
NAVPERS 18068D. The NRCC provides the usual way .of satisfying 
the requirements for completing l;he -RTM, ^The set of assignments 
in the NRCC includes learning objectives ^nd supporting items designed 
to lead students throUgh the RTM: > , . 

those wha work in communications know how fast procedures and 
equipment change, Petween revisions of this training manual, some 
obsolescence may be unavoidable. For this reason, it is suggested 
that the '^student with access to 'official^ cbmmunicatioh publications 
use them as much as possible while studying for advancement. 

This training manual and nonresident career course were prepared 
by the Naval E;ducatlon and Training Program Development Center,. 
Pensacola, Florida, for the Chief of Naval ""Education and Traini^ig, 
Technical assistance wks. provided t>y the Commander, .Naval Tele- 
communications Command, -Washington, "D.C,, and the Radioman "C" 
School, Service School Command, Naval Training Center, San Diego,, 
California, , . " 
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THE UNITED STATES NAVY 



. ■ GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control ,of the sea 
and is a ready force on watch at home ancT overseas, capable of strong 
action to preserve the peace or of instant offensive*action to win in war. 

It is upon the maintenance of this control fhat our cpuntry's glorious 
future depends; the United States Navy exists to make it so. 



WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in tfie respect 
of our country, our shipmates, and our farriilies, , 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor.- 



. THE FUTURE OF THE NAVY 

The Navy will always employ new weaponS> new techniques.' and 
greater power to protect' and defend the United States on the sea, under 
the sea, and in the air. 

r^ow and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

V, 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future.' in continued dedication to our tasks, ^and in reflection on our 
heritage from the pasl. 

Never have our opportunities and'our responsibilities been greater. 
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CHAPTER 1 



TRAINING AND ADVANCEM 



in the performance of his duties, the Ra^omany 
fbts as the direct representative of hisf 
4pininanding officer to provide the command with 
the/capability of exchanging accuratep rapid, and 
socure information with othejr commands. To 
become and remain effective, the Radioman must 
be familiar with the tasks at hand and their- 
communications capabilities available. 

It is the purpose of this rfilte training manual 
to provide the necessary training to develop your 
knowledge of the professioncd or occupational ^ 
standards of the Radioman rating. There afe 11 
chapters in this manual. The first chapter is 
nontechnical in nature. The remaining chapters 
deal with the technical aspects of the Radioman 
rating. The introductory chapter provides in- 
formation concerning the Radioman rating, the 
advEincement system in the Navy, and helpful 
tips -about preparing for Navy wide examinations. 
Study this chapjter prior to beginning intensive 
study of the remaining chapters. 



THE RADIOMAN RATING 

Yo'-*r responsibilities as a petty officer in 
the Radiomcui rating include two types of duties: 
Professional duties and military duties. 

PROFESSIONAL DUTIES. 

Yoxir professional duties as a Radioman third 
or second cla^s v^ll ^aTy depending on the type 
and mission of your command. If you are stationed 
ashore, you wUJ normally be asssigned to the 
, communic^tiails center or a communications 
station. Here, your job will be concerned prim ar^y 
with sending, receiving, and processing message 
traffic. The handling of this message traffic may 
be in support of your command only or of an 
entire naval base complex with numerous com- 
mands. If you are stationed Afloat, your duties 
may include a wide variety of responsibilities. 
The scope of these assignments may run from 



setting up and operating radioteletype circuits, 
including crjrptdgafaphic equipment^ to publication 
corrections and message difnribution. 

As a Radioman, you are primarily an operator* 
AS. such, you will tje required to fulfill ceAain 
qualifications that . require you to know what 
makes your equipment work as well as how to 
operate it. ""X 

Yours is an ever-changi 
rating. The Navy is ponstani 
and more* sophisticated com 
ment promoting'^ a tnore ^ 
command." « 



and challenging 
.y developing new 
unications equip- 
ctive **voice of 



MILITARY DUTIES , 



Often, the difference between a **good'' petty 
officer and a **bad" petty officer is leadership. 
Each command should have a training program 
that provides instruction in leadership principles 
£Lnd practices. The individual who wants to move 
ahead takes advantage of this instruction. He 
applies its principles and practices in ^|(^ every 
deeding w^h the personnel around him— especially 
those who look to him for an e^cample of leader- 
ship. 

Many books have been written on the subject 
of leadership, and many trai{:s have been listed 
as a necessary part of the makeup of a leader* 
vVhether or not you are a successful leader is 
indicated by the success with which you stimulate 
others to work willingly under your supervision* 

Self-confidence is one of the keys of leader- 
ship, but it must be backed up by enthusiasm, 
understanding of others, and erspecially by know- 
ledge. For example, you not only must be able to 
supervise and teach lower rated personnel in their 
communication duties, but you must be ready to 
pitch in and help complete the job* Your personnel 
will respect you as an individual who hate'demon- 
strated'his knowledge and skill. 

A cooperative attitude is another requirement 
of leadership. Do not Jet your experience in the 
Radioman rating make you unreasonable and 



RADIOMAN 3 & 2- 



overl^aring with the lower rated personnel. Your 
attitudes will have a definite influence upon their 
atti1;jad&s and actions. 

When' you become a petty officer, you beconne 
a 'link *,ln '•the chain of command between .your 
officers^d your personnel. Your responsibilities 
axe more than raefely giving orders and seeing 
tbftt worljL is done. You also have a reeponsibillty 
for sharing your knowledge with otjiers. When the 
Navy promotes you, i^ expects you to train other 
personnel. Always stand ready to pass on your 

• knowledge of new equipment and procedures to 
others. ^. * , . 
, A p^tty officer's working "relationship with 
others is of great^apportance to the success of 
his v^rk and the'mip^sion of his command. Your 
day-to-day working 'relationships will be most 
successful as you cpoperate with others, both 
within and oulside your own division of depart- 
ment. The ability to get along is, at tinies,^ust 
as necessary as proficiency in performing your 
technical skills. The ability to work with others 
is a definite skill. Thife skill can be developed^ 
in much the seune ttiahrrer that you develop a* 
te^chnical skill. The many diffe]^4nt skills you need ; 
may each be studied and developed. Someof these^ 
skills are under slf^andihg another individual's ]ob, 
his ^problemfc, and his abilities. Others are 
instructing, leadiAg, .and Aspiring the men and 
womy with whom you work? 

f 

THE NAVY . 
ADVANCEIJIENT SySTEM v^. 

Many of the rewards of Navy life are earned 
through the advancement system. Some of these 
rewards are easy to see^ You get more pay. 
Your job assigmnents bfeceme naore interesting 
and challenging. You are regarded^ ^^th grqate^ 
respect by officers and /enlisted parsonnel. You\ 
ehjoy the satisfaction of gefting aheid in' your 
chosen Navy career, ' ^ 

But the ^ advantages are not yours alone. The ' 
Navy also profits. Highly trai^ei^r persounel are 
essential to the functioning of the Navy. By each 
advancement, ^u increase ygxxr value to the Navy 
in two ways. First, you beCJbme more valuable 
as a specifiQist in your rating, and ^cond, you 
become more valuable as a person whoNpan train 
others and, thus; ^afcefar-reachingcontributions 
to the entire Navy.- - j ^ / 

. The basic ideas behind the advancement sys- 
tem have remained ^stable for many ^ars, but 
specific portions m^y change rapidly. % It^ is ^ 
^mpbrt^t that you know the system and follow 
^hanges carefully. BUPERS >fOTICE 1418 will 

* ' . * ^ ' [ - , ^ ^ ^ 



keep you up-to-date, ^sk your educational 
services officer to let you read the latest copy 
of the 1418. This' noUce i-e usually published 
four tinrfes a year. The June notice povers the 
petty officers thjrd, second, and first class for 
the September examination, Th3 August notice 
covers the senior and ma'sler chi€ff petty officer 
exaxninatioiv information for 'the November exami- 
nation. ^X^o 1418 notices are published in 
November for the E-7 examination in January 
and the E-6, Et5j and E-4 examinations in March. 

The norrpal system of advancement may be 
easier to understand if it is divided iilto two 
parts: 

1. Those requirements that must be met 
before you ar^ qualified, that is, considered for 
advan6ement. . » 

2. Those factors that actually determine 
whether or not you will be advajfced. i 

Navy training and advancements are based on 
the naval and occuj)ational»4tandards found in the 
Manual of Navy Enlisted M^power and Personnel 
Classifications and Occupational Standards,- 
NAVPERS 18068. This publication, which will be 
described in detail later ip this chapter, es- 
tablishes the minimum occupational standards 
for enlisted personnel and identifies those 
additional skills required in specifio- billets which 
are supplemental to rating skill requirements. 



HOW TO QUALIFY 
FOBf" ADVAl^CEMENT 

'J 

In general, "to qualify \\ 
advancement, you must first: 

Hav^% -certain amot 



considered) 



1 

service 



of time in the 



' (2. pave a 
prqisent paygradd 

3< Demons 
your ifmijd^to: 



rtain amount of timp in'.your. 



tQ knowledge of x^aterial in 
rate^ training ftianual's by 
achieving stfftable iscore on your con^and*s 
locally prepared and loca^ administered te'st, 
or by successfully completing thfe appropriate 
nonresident careet courses (NRCCs),. of in some 
cases, by successfully*Completing an approp^at« 
Navy schodl. 

4.7 Demonstrate the ability to perform the 
reqi&rfetnents under the personnel Advancdme^nt 
Requirement (PAR). NAVPERS 1414/4, program. 

5. Pass' the Radioman Performance Test. 
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6. Be 
Ibfflcex. 



recommended 16y your commanding 



7, For petty officer *third and second cla^s 
candidates only^ demonstrate knowledge ^of 
military subjects by passing a locally adminifi- 
Jfcered military leadership examination based on^ 
the naval * standards ior advancement (from 
NAVPERS 18068). 

8. Demonstrate knowledge of the technical* 
aspects of your rating by passing a Navywide 
advancement exaijaination based on the pccu- 

Ssitional standards, afX^licable to your rating 
, rem NAVPERS 1806fe, those standards listed 
at and below your rate level). 

^ - # • 

l^igure 1-1 gives ft detailed view of the require- 
ments for advancement of active duty personnel; 
figure 1-2^ gives this information for inactive 
^ty personnel. Remember ^t the occupational 
standards can change. Checkivith your educational 
services officer to be sure that you kn6w the 
^ .most recent standards. ' jj 

i If yoa meet all the^ecedlrig requirements, 
you 'become a^member of ^e group from which 
selections for advance aient are made. 



) 



Performance 



Examinations 



*it cannot guarantee th^t any one person^will be 
advancbdt ^it does ^arisintee that all within ar 
particular rating will have equal advtoceme: 
oppbttunity. ■ . 



1 



Who Will Be 
Advanced ? 



Advancement to P03, I>p2, and POl is based 
on C[uota limitatljpns, as deuermined bwthe Chief , 
of NaVal Personnel, and highest **finaMt)Ultiple/' . 
The final multiple is a combination^ of your 
beginning multiple and exam score. Tha beginning 
multiple consists of the following elements: 



Perform ance factor— These points are 
on the ,averag^ Of your performance 



FACTORS WHICH 
AFFECT ^ADVANCEMENT 



Adv^cement is not automatic. Even though 
you have met all , the, Requirements, including 
passing the written exal^inations, you may not 
be able to **sew on the crow*', or 'teidd £^ stripe."- 
The number of personnel in each rate and rating 
is controlled on 'a Navywide balis. Therefore, 
the number that may be* advanced 'is limited 
by the number of vacancies that exist. Whan 
the number passing^e examination exceeds the 
number of vacancies^some system must^be used 
to determine who may be advanced md who may 
not. The system used is the **fi»«Q multiple'^ 
cuid is a combination of three factors: 



^^^ongevity, or seniority 

i I ^ 

The Navy's system provides credit for per- 
formance, knowledge, and ^eniority, and, while passed tiie exam bu^ 



1. 

based ^ 
evaluations for* ^ given period of tjjfcne before the 
'^xam is gfv^n. The period of tima used varies 
^ith the paygrade to which you are seeking 
advancement. If you ,are seeking advancement 
to P03, your evaluations for the past months 
will be averaged; the maximum number ^ points 
for performance is 70. ' 

2. Length ot service — Points for leiigth of 
servic^ are determined by subtracting the number 
off years you have served in your present^pay grade 
from the number of yeaXs'you have been serving' 
on active naval^ service, and adding 15. Thus, 
' an E-4 with 4^years in.^rvice and 1 year in ■ 
paygrade would have 18 points (4 years in service 
minus 4 year in rate = 3 plus 15 = 18). The m axiraum 
numbei: of points possible for length of service 
is^. 

• 3. ' Time in rate— r Points for time in rate are 
computed by multipl^tig t)ie number of ye^LTS 
you have served 'in vour present paygraro by , 
2 arid adding 15 (thei'EVl mentioned above would . 
haverl year ia rate times 2 = 2 plus 15 = 17). 

4. Awards — Some , medals and awar^fe, if you 
are /entitled to them, liiay be worth points to you. 
The Manual of 'Advancement, BUPPRSINST 
. 1430.16, contains a list of medals and awards - 
^ and tha number of points assigned to each. The 
mAXimilm number of points possiblei for awards 
fpr P03 and'P02^S' 10. ^ 

Passed Not Advanced (P{4A) — These 
points are determined by the^ Navab<Education 
^ arid Training Program DevelopmenWtentej'Mid 
are assigned to those persohnel \^mo previously 



were? not advanced. For 
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REQUIREMENTS* 



El to E2 



E2 to E3 



#E3 
to E4 



#E4 

to E5 




##tE6 
to e)7 



##tE7 
t* E8 



\o E* 



SERVICE 



6 mos. 
service. 



6 mos. 
as E-?. 



4> 



6 mos, 
as E-3.- 
2 years 
time^irt' 
s^rvi ce. 



12 mos. 
as E',4, 

3 yeai^5 
time in 
service 



36 mos. ' 
\as E-6. 
10 years 
time in 
servi ce. 



^ SCHOOL 



iRecr^uit 
Mraining, 
(CO, 
may ad-- 
vance*up 
to 10% 
of grad- 
uating 
class. ) 



Class A 

for PR3, 

DT3,IS3, 

AME3-, 

HM3, 

FTB3, 

MT3',MU3, 

EW3 



Naval 
Justice 
School 
KLN2 



Navy 
School 
for AGC, 
MUQ,tt 



36 mos 

8 of l4 

year^ 

time in 

service, 

must^be 

en- 

•listed. 



36 mo^"',. 
as E-8. 
10 of^l6 
years 
jtime in 
service 
must be 
enl isted. 



PERSONNEL • 

ADVANCEMENT 

REQUIREMENT 

(PAR) ^ 

NAVPERS 

1414/4 



:::;:vXv:^ Advancement Bequi remertt 

x::". J/! '(PAR) must be completed for 
*/acJvancement to E-4 through E*-7- 



PE-RFORMANCE 
TKT 



iiJILISTED 
^PERFORMANCE 
EVALUATION 



'As used by CO 
when approving 
-advancement. . 



EXAMINATIONS* 

V 



Local ly 

prepared 

tests. 



RATE TRAINING 
MANUAL (IN- 
CLUDING 
MILITARY 
REQUIREMENTS) 



See 
below. 



Specified ratings must\complete 
applicabl^ performance tests be-. 

fore takffig e/aminations. 

— t 1 



Counts toward performance factonjcredi t in advancement 
mul ti pie. , ' , . ' 



Nawwide examinations 
required- for all Vo 
advancements , • 



Navywide selection board,. 



)- 



AUTHORIZAflON. 



Comfnandi-ng 
Officer 



Required for E-3 and aVl PO advaricemef'nts 
unless waived because of scht)ol comple-^ 
tion, but need not be repeated if fdentical 
course has already, been completed. See 
NAVEDTRA J005* (c. rent edition).- ^ ^ 



Nonreside\it career 
courses and 
recommended reading. 
See (NAVEDTRA 10052 
(curYent edition) , / 



NAVEDTR^RODEVCEN 



*A1T« advancements require coramanding officer\^s recommenda^t^rk . / 

t2 years obligated service required for E-7,\-8^ arrd E^9. , 

#Mil1tary leadership exam required for'E-4 ano E-5^* . ^ . 

**For E-*2 to E--3, NAVfDTRAPRODEVCEN exams or loyally prepared tests may be i>sed. ■> 
ttWaiy^d for qualified EOD personnel. 

##Advancemern to E-7 w^ll b^ 10 years TIS eTfeG4:ive 1 January 1979; to E-8, 13 years TIS 
""effective 1 ^November 1978; Xo E--9, 16 years TIS effectj^ve 1 November 1978. ^ 



Figure VI Activ&Ns^uty advancement requirements. 
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REqUIREM.ENTS' 



TOTAL TIME 
IN GRADE 



TOTAL TRAILING 
OUT-y lU GRADEt 



PERFJWMANCE 
TESTS 



DRILL 

PARTICIPATION 

i '. 



PERSONNEL. 
ADVANCEMENT 
REQUIREMENT (pAR) 
NAVP.ERS .1414/4 



RATE TRAINING 
MANUAL (INCLUDING 
MIJ.ITARy REQUIRE- 
MENTS) 



El to 

E2 

^ 



E2 to 
E3 



7" 



■6 mos. 6 mos 



14^days ' 14 days 



.•J.-.-.- 



E3 to- 
E4 



■E4 to- 



6' mos. 



14 days 



12 mos. 

A « 



14 dais 



E5 to * 

re 



24 mos. 



28 days 



E6 to 
E7 



36 mos. 
with 
total 
9 yrs 
service 



42.ciays 



E8 



36'mos. 

witff 

totttl 

12 yrs 
service 



42 days 



E9 



24 mos. 
with 
..total 
15 ^rs 
service 



28 days 



Spgi^i^H^e^^tlTfgf^ complete applicable 
performance tests before talying examination. 



Satisfactory participation ai^ a member of a^drill unit in 
. accordance with BHPERSIIJST -5.400.42 seriesj,.% \ 



^ •• • 



— — — 

Rejsonnel AdvancertientfRequir^' 
nts (PKR) MpVPEffs' 1414/4 miiit 
completed' fbr advancement /to 
E4 through E7.^ ^ 



fjon^ of. applVcable course or course^' must be entered in 



Compile tfjon^of.^a[ 
servrce recorS. 



EXAMINATION 

,1 ' 



"auThorizatjon 



Stan^^rd Exam 



Comma ndi ng 
^Officer 



Standard Exa(fi requ.ired ^or all 
PO advancements. Also^^'pass 
Mil itaryrLeadership Exam 
< for E4 and E5. \ 



Standard Exam 
Selection Board , 



NAVEDTRAPRO^JEVCE^^ 



A 



♦Recommendation by ^ commanding officer required fo'r all advancem^ats. 
t^ctive .duty periods may be substituted for trajni-og' duty . 



Figure. 1-2.— Inactive duty advancement requirements. 

'■^ • ■ . 
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*a<|iranceiDent to * P03 'and>P02, the maxiiDum 
nuipbef of i^A points possible is 10, Figure 1-3 

is an* example of all the elemetiits that can make 
a dhal multiple. 



^ The exama are scored^ multiple factors are 
added» and a listing from highest to lowest final 
multl^e acores la prepared for each rate. Since 
advanoemeiit to'E-4» Ef5» and ^-6 is based on 
q^ota UmitatibnSy the selections are made from 
the top of tha 11^ down asfaj:as c(uota limitations 
Ulow. This process identifies those who*\^ill 
be ftlvanced. Listings are then prepared for 
each command listing (hose who will be Edvanoed, 
those who passed bCit' wjil not be advanced^ and 
thoBi^ who failed. ' 



.30vV TO PREPARE 
FOR ADVANCEMENT 



X 



X ' You ir\ust study the occupational^ standards, • 
WorR 6n the Personnel Ad\^ancement Requirement 
(P^I^ a^id Xhe Personnel Qualification Standards 
(PQ^, and study the- required rate training 
♦manuals and other material tl>at is requirM for 
advancement ih your rating. The foll9wing 



• PERFORMANCE FAfcTOR: 
(based on performance 
Evaluation average) 

^LENGTH OF SERVICE: 
(4 yra in service minus 
X yr in grade, plus 15) 

TIME IN RATE: 

(1 yr in rate times 2 
plus 15) 

AvvXllSS: 

(1 Good Cpnduot Medal) 

PASSED NOT ADVANC ED: 
(As assigned by Naval 
Education and Training 
Program Development Center) 

TOTAL BEGINNING MULTIPLE:. 

EXAM STANDARD SCORE: / 

FINAL MULTIPLE: ■ 



POINTS 



'60 




17 

02 
' 01 

y 

98 
68_ 
166 



Figure 1-3. — Computation of PMnal Multiple. 



• sections describe the publications you shbuld^be ' 
fisuniliar with and give practical suggestions 
on how to use them in preparing for advancement. 

Manual of Nfi^vy^ 
Enli^d Maenpower and ^ " 

Personnel Cl,assificati6ns 
and Occupational Standards, . 
NAVPERS 18068 * . 

NAVPERS 18068 containVvthe occupational 
and naval standards for advancement to each* 
paygrade. It consists of twt) sections. Section I 
(|«3spf ibes the Naval Standards and Occupational 
^tanriSirds. Section II contains the Nary Enlisted^ 
/Classifications (NEC). While the*, occupational 
I standards manualv defines only the minimum 
Sibil's required/^ your rating, there are know- 
le(!!l|Be factors inherent in^ these skills. It is 
kept current by means of changes. / 

Naval standards are expressed as minimum 
, skills tfiat apply to all ratings rather than to ' 
any 'lone rating. Naval requirements for advance- 
ment to^third class and second class petty officer 
rates deal with military conduct, naval organi- 
zation, military justice, security, watchstanding, 
' and other subjects which bXq ^required of petty, 
officers in. all ratings. 

Occupational standards define enlisted tasks 
required of personnel within a particular rate 
or rating' aind are divided into subject matter 
groupii^^^ # . 

if ySJi^^lf workingf or advancement, you should 
remenoRBr J|hat you are' responsible for the 
occupation©*' standards applicable to the ratings 
yDu are taking the examination for and to the 
standards of the lower paygrade(s) in the rating. 
An E-5 candidate is responsible for E-5 and 
E-4 standards; an E-6 candidate for E-6, E-5, 
and E-4 standards; and an E-7 candidate for 
E-7, E-6, E-5, and E-4 standards. 

' ^ Personnel Advancement 
■ Requirement (PAR), 
NAVPERS 1414/4 

One of the requirements to determine eligi- 
bility for advancement is the completion of the 
PARS for your rating. The purpose of the PAR 
is to: (1) individualize advancement require- 
ments for each rating and for rates within the 
rating a^id (2) provide a Consolidated CHecklist 
that individuals can use in their evaluation 
/ of the individual^n determining readiness for 
advancement, if ceS provide a record of progress 
toward, an,d.-ertii story of, advancement. 

^2 ' ■ 
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PAR 18 designed as a checklist the various 
iDlnliDUir) reqijirements for advancement. It is 
prdsented in three sections: 

Section I, Adinyiistration Requirements, con- 
tains tba individual's length of service, Ume in 
paygradd» and a checkoff entry to show the 
individual has passed the ^-4/E-5 military 
leadership exalnination. 

Section II, Formal School and Training Re- 
qClirements, contains a checkoff entry to show 
the individual has completed the applicable Navy 
military requirements and rate training course s^ 

Section .III, Occupational and Military 'Ability 
Requirements, is' a checkoff list of task state- 
nnents* Items demand actual demonsti-ation of 
the item or completion of an alternate local 
examination, although demonstration is a com- 
nnond prerogative. Individuals are evaluated an 
their ability to perform a specific task, whettier 
it b© by observation, "by training received, or, 
if desired, by demonstration.' 

PAR& for all. ratings are listed in the Ntvy 
Stock List of Publications and Forms, Section J, 
NAVSUP Publication 2002. Ask your educatiopal 
services officer for a copy of the PAR for your 
rating. 

The E-8 and E-9 paygrades are exempt 
from t]5e program because there are other 
means of selection for advancement to these 
paygrades. Also, the E-3 apprenticeships are so 
broad that it is impractical to develop a single 
PAR for this paygrade. ' ^ 

The PAR forrn for each rating lists the 
requirements for advancement to paygrades E-4 
through E- 7 in one pamphlet. 



Personnel Qualification 
Standards. NAVEDTRA 
43100.1 (series) 

The Personnel Qualification Standards (PQS) 
progfam is another element in the Navy's Overall 
training program. It is used to help develop in 
dach person the skills nece$sary. to perform his 
assigned duties. „ ^ 

The' Handbook on Management and Imple- 
mentation Procedures for Personnel Qualifica- 
. tlon Standards, NAVEDTRA 43100.1 (series), 
provides information on/ the PQS ooncept and 
describes its implemerftation into the training 
program of op^ational unitij^f the Navy. 



The purpose of the program is to as;^st in 
qualifying the trainee to perform hi^ di/ties. It 
is recommended that each trainee ciri'y his 
qualification card so he can take advintage ctf 
training **targets of opportunity" that nt^ivocjpar 
during the daily routine. The individual is fiSlowed . 
to progress at a' pace that fits his individual 
learning ability. This, of course, contingent 
upon time periods established by /department 
heads and division officers. The pereonneVquali- 
fication standards program helps. 49^^®pare. ' 
personnel for advancement. When studying the'' 
answer theory .questit)ns, the trainee ij? referred^ 
to applicable rate training manuals. 

To determine what equipment or Watch^tatt^iT. 
is in the personnel qualification standards pro- 
gram and to obtain the stock nun^bef for a par- 
ticular personnel qualification standa^<is booklet, 
refer to the latest edition'of> the j.ist^ ^'^^"i"? 
Manuals and Correi^^dence Cour^» NAVED- 
TRA 10061. ' ; : ~ 

Each qualification " standard has four main 
subdivisions in addition to a pref^^ ond intro- 
duction, glossary, bibliography^ iu^d -feedback 
form. They are as foUow-s: 

100 Series — Theory ^ 
200 Series — System " ^•^■"'r 

300 Series— Watchstations (duties, assign- 
ments, or responsibilities) 

400 Series — Qualification cards 

The introduction explains the ^se of the 
qualification standards in terms di what, it will 
miian to the user as well as hoW to apply it. 

The theory (100 Series) section specifies the 
knowledge of theory necessary as a pi^erequisite^ 
1:0 the study of the specific equipment or system 
for which the PQS was written. These funda- 
mentals are normally taught in the fornial school 
(for example. Class a School) p^ase of an 
individual training. However, if th© individual 
has not .been to school, the ^-eqi^^rements are 
outlined and , references^ are cited which will 
provide guidelines for a self-study prograjn. 

The system (200 Series) seiction toeaks down 
the equipment or systems to be studied into 
functional sections. PQS items are constructed 
as clear, concise statements/questions according 
to a standard format,. The answers must be 
extracted from the various maintenance manuals 
Govenng* the equipment or systems for which" 
the VQS is written. This, section a^ks the user 
to explain the function of the syste^n, to draw a ' 
simplified version of the system fr^>ni memory, 
and to use this drawn schematic or the schematic 
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pravided in the maintenance snanual while studying 
the system or equipment. Emphasis is given to 
* such areas a& rftiXintenance management ..pro- 
cedures^ components, component parts, principles 
<tf operation, system interrelations, numerical 
values considered necessary to operation and 
meintenance, ajid safety precautions. A study 
of. the items in the system -^section provides 
the individual with the required information 
concerning what the system or equipment,jloes, 
how it does it, and other pertinent aspects of 
operation. 

The watchstations (300 Series) section in- 
cludes questions regarding the procedures the 
individual must know to operate and maintain 
th^ equipment or system. In t^s^ section, the 
questioDS advance the qualification process by 
requiring answers or demonstrations evidencing 
the ability to use the knowledge covered in the 
system section and to maintain the system or 
equipment. Areas covered include normal 
operation; abnormal or emergency operation; 
• ' emergency procedures which could limit damage 
fiind/or casualties associated with a particular 
^ ^operation; operations that occur too frequently 
to.be considered mandatory performance items; 
aiid maintenance procedures/instructions such 
as checks, tests, repair, replacement, etc. ' 

The qualification cards (400 Series) section 
covers the accounting docuiiients used to record 
the individual's satisfactory completion of items. 
^ A complete PQS package should be given to ^ach 
person being qualified so that he can use .it 
at every opportunity to become fully qualified 
in 'all areas of the .^appropriate; rating and the 
equipment, system, or watchstation for which 
the PQS was written. At what point to begin a 
PQS booklet will depend on the individual's 
assignment within the activity. Upon transfer 
to a different activity, each individual must 
requalify. The answers to the questions asked in 
the qualification standards may be given orally 
or in writing to the supervisor, the branch or 
division officer, and/ or the maintenance officer 
as required to certify proper ((ualification. The 
completion of part or all of the PQS provides 
a basis for the supervising petty officer and officer 
to certify completion of Personnel Advancentent 
Requirements (PAR). 

Bibliography for ^ 
Advancement Study, 
NAVEDTIU 10052* (series) 

NAVEDTItX 10052 (series) is a very important 
publication for any enlisted person preparing 



13 

o 

ERIC 



iox advancement. It lists required and recom- 
mended rate training msjiuals cuid other 
reference material to be used by personnel 
/studying for advancement. - . 

NaVEDTRA 10052 is revised and issued once 
each year by the Chief of Naval Education euid 
Training, Each revised edition is identified by 
a letter following the NAVEDTRA number. When 
using this publicationj be sure that you have the 
most recent edition. 

In using NAVEDTRA 10052, you will notice 
that some rate training manuals are m£g:ked with 
an asterisk (*), Any msjiual marked in this way 
is mandatory, that is, it must be completed before 
you can be eligible to take the Navy wide examina- 
tion for advancement to the indicated level. Ask 
your educational services officer how tO prder 
these publications, . 

Do not overlook the section of NAVEDTRA 
10052 which lists the required ajid recommended 
references relating to the naval standards for 
advancement. Personnel of all ratings must 
complete the mandatory^ military requirements 
training msjiual. 

Occupational Standards 
and Bibliography Sheets^ 

For your convenience in preparing for the 
y Navywide examinations, NA VEDTRAPRODEV- 
CEN, Pensacola, FL prepares a separate Occu- 
pational Standards and Bi.'oliography Sheet for 
each rating (RM, EW, ST, etc.). The sheet lists 
the occupational standards for paygrades E-4 
through E-9 for the particular rating, and also 
lists the recommended study material and specific 
references from the current edition of the biblio- 
graphy for Advancement Study, NAVEDTRA 
To 05 2. Ask your educational services officer 
for a copy of the most recent edition of this sheet. 

List of Training Manuals 
and Correspondence Courses, 
NAVEDTRA 10061 (series) 

N WEDTRA 10061 is revised and issued once 
each year by the Chief of' Naval Education and 
Training, Ea^h revised edition is identified by a 
letter following the NAVEDTRA niunber. Whan 
using this publication, be sure that you have the 
mcst recent edition. 

This list has been distributed to all ships 
and stations to inform them of the latest available 
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training manuals and correspondence courses. 
Ask your educational services officer for this list. 

The listings in NA*VEDTRA 10061 include a 
brief overview of the contents of each training 
manual and cqrresp^ndence coui?se. All publi- 
cati6nB with stook ordering numbers listed may 
be obtained from the Naval Publications and 
Forms Center, P^ladelphia, PA 19120. Usa 
DD Form 1348^ for ordering. Some classified 
publications ar| issued from the NAVEDTRA- 
^ PRODEVCEN. .^ensacola, FL 32509. Th3se publi- 
cations have /Special ordering requirements, as 
described in NAVEDTRr\ 10061. 



TltUNING MANUALS 

Rate training manuals (RTMs) and nonresident 
career courses (NRCCs) are prepared as self- 
study packages to assist personnel of the regular 
Navy- and Naval Reserve in d3v??loping the knovv- 
ledge required for their ratings.^ 

There are two general types of training " 
manuals. Rate training manuals, such as this one,, 
are prepared for most enlisted ratingSo A rate 
training m£Uiual provides inforn)ation th^t is 
directly related to the occupational qjalificationE 
of ONE rating. SUBJECT MATTER ni^nuals or 
BASIC manuals, such as Naval Orientation , N VV- 
EDTRA 16138 (series), give information that 
applies to more than one rating. 

BASIC NAVY 
TRAINING MANUALS 

*"Among the most in)portant sources of in- 
formation are the ba'sic Navy training n)anuals. 
These manuals cover broad subject areas which 
are 'common to m;iny ratings. The n)Ateri,al 
contained in some of these courses will make 
your rate training n)anual easier to understand. 

R/vTE TR\1N1NG 
MANUALS 



Rate training manuals are revised froiD time 
to timt3 to keep them up-to-date. The revision 
of a rate ' training manual is identified by a 
letter following the NA VEDTRA naniber (NA V LD- 
TR^\ 10052-Z). Youc^ritellwhether any particular 
copy of a training manual is the latest edition 
by checking the NAVEDTRA number and the letter 
following this number in the most recent edition 



of the List of Training Manuals 5»^^Corres- 
pondence^'ourses , V EDTR/\ iMSY/ 

" EacH~time a 'rate , training n)anual/rs revised, 
it is brought into conformance withjthe official 
publications and directives on whiclwit is based; 
]put during the life of any edition, mscrepartbies 
between the mtjiual and the officiay sources are 
almost certain to arise because ^pf changes , to 
the latter \yhich are issued in me interim. In 
the performance of your duties, ydu should always 
refei^ to the officiaL publicatiop or directive. 

/Rate training manuals hel{i you n)eet the 
^occupational standards required by the Navy. 
The following suggestions may help you to make 
the best use oi the RTM and other Navy training 
publications; 

1. Study the naval stajridards and the occu- 
pational standards before you study the training 

■ manuals, and refer to than) frequently as you 
study. Ask- your educational services officer 
for an OOotipational Standards and bibliography 
Sheet or^NAVPERS 18068. Remember, you are 
studying the n^anual to aid you in perfornmig 
your job. The ;xiinimun) requiren)ents for the 
job are listed in NAVPERS 1B068. . 

2. Set up a regular study plan. It will 
probably be easier for you to stick to a schedule 
if you can plan to study at the same time each 
day. If possible, ^hedule your studying for a\ 
time of day v^ien; you will not have too many 
interruptions or di (^tractions. 

3. Before you begin to study any part of the 
nisnual intensively, become familiar wtth the 
entire book. Read the preface and the table of ^ 
contents. Chtick through the index. Look at the 
appendices. Thumb through the book without 
any particular plan, looking at the illustrations 
and reading bits here and there as you see things 
that interest you. ^ 

4. Look at the training n)anual in more 
djtail, to see how it is organized. Look, at the 
table of contents again^ Then, chapter by chapter, 
read the introduction, the headings, and the 
subheadings. This will give you a pretty clear 
picture of the scope and content of the book. 
As you look through the book in this way, ask 
y(jurself some questions: 

A hat do I need to learn about this? 

\Vhat do I already know about this? 

How is this inforniation related to information 
given in other chapters? 

How is this information related to the occu- 
pational standards? 
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5. • vVhen you have a gtjneral idea oi ,\hat is 
-in the training manual and how it • is organized, 

fill in the details by intensiv. ^^>^^y- In each 
study period, try to cover r coiDplete unit— it 
may be a chapter, a section of a chapter, or a 
subsection. The amount of material that you can, 
cover at one time will vary. If you know the subject 
wall or" if, the material is easy, you can cover 
quite' a lot at one time. Difficult or unfamiliar 
material will require more study time. 

6. In studying any one unit—chapter, section, 
or subsection — write down the questions that 
occur to you. Many, people rfnd it helpful to 
ms-ke a written outline of the unit as they study, 
or at least to wri£e down the most important 
ideas. ' - 

7. /\3 you study, relate the information in 
the training m.tnual to the knowledge you already 
h^ve. vVhen you read about a prpcess, a skill, 
or a situation, try to see how this-^nformation 
ties in with your own past e-xperience, 

^8, ' vVhen you have finished, studying a unit, 
take time out to set^ what you have learned. Look 
back over your notes and questions. Maybe sonie 
of "your questions have been answer'ed, . bat perhaps 
you still have sc>n)e that are not answt^red. With- 
out looking at the training manual, write clown the 
main ideas that you have gotten from studying 
this unit. Don't just quote the book. If you can't 
give these ideas in your own words, the chances 
are that, you have not really niastered ^he 
information, 

9, L'so nonresident career courses when- 
ever yoa can. The nonresident career courses are 
based primarily on rate tr'aining manuals and 
basic manuals. As mentioned Ixifore, conii)Ietj^'n; 
of a niandatory rate training nianual can be 
accomplished by passing a nonresident career 
• course based on the rate training n^anual or by a 
locally prepared .t<?St' on the nianual, \'ou will 
probably .find it helpful to take oth^^r nonresident 
career courses, as well as those based tjn 
mandatory manuals. Taking a -nonresident career 
course helps you' to n^aster the Inlormation given 
in the training manual and also helps you see how 
much you have learned, 

10.' Think of your futui'e 4s you study rat 
training manuals. Anything you learji now will 
help you to advance both now arid later. 



NONKp:SlI)EN'r 
CAKKER CCJl USES 



AS previously mentioned, a nonresident career 
course (NHCC) is based on a rate training manual 



or a bMSic njantial. Its purpose 'is to provide 
you with a self-^tudy training Course for-ac- 
complishnjent at your local command. 

The' NRCG contains a' set of assignments 
and self-scp;ring answer sheets (SSASs). The 
iSSAiSs ar^ packaged separately and are' usually 
ordered i^t)m Publications and Forms Center, 
; Philadelph\^a. .See your educational services; 
officer for assistance in ordering the appro- 
priate SSASs. ' \ . \ ' 

NRCCs that are associated with or contain 
information pertaining to your rate are recom- 
mended for completion. This inforiiiation is also 
contained in the Bibliography for Advancement 
Study, NA\'KDTR.rTcr052, whicTi also lists thosQ 
courses that are recommended for completion. 



KXA^IINATION PROCEDURES 

The Navy wide exan)inations for advancernent 
are written at the Naval Education and Training 
Progi^ram Development Center, ^Pensacola,' 
Florida.^ ,The ebcam writers are senior enlisted 
personnel who a^e experts in the rating for which 
the exam is written (e.g., the RIM3exani is written 
by a senior Radioman). 

The exams are nornially administered by the 
cqmmands to wMch, the examinees are attached, 
la^'the case oiVsmaller conimands with only 
a few examinees attached, the exan) may be 
administered by a largerlcommand. For example, 
a naval legal services office may have only 
one or two people taking the exam. Therefore,, 
the exam inay\ l)e ' adhiinistered by the naval 
station of which\ theVnaval legal services office 
is a tenant coriomand. 

■n \ 
TAKING THE e\.\M 

Sev^eral days [\rior td the eXani date*, the educa- 
tional service's olficer will ask you to verify the 
Recgminendation vVorksheet, N A V EDTit\ 1430/2,;^ 
which has been prepared for you. You should 
check the worksheVit 'very carefully since this 
information will bVj used in computing your 
'M>eginning multiple.V' If any of the inforniation 
shown on your worksheet is incorrect, bring it 
to' the attention of the educational services 
officer so that it may be corrected. 

The conm landing officer of the command 
administering the exam will schedule a place for 
the exam to be given and will notify the examinees 
as to where and when to meqt. This is usually 
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^"notice in the Plan of 
irss (officers and/or senior ^^[^ 



Sev^^K>i 'uCoris 

jperso^^l) will be present during the, t^i^ti , , 
iod. These people are there to assist youiKasBur- 
ing that your answer sheet is properly prepared. 



^ When you sit down to take the test, the proctor 
willX advise you on- how to fill out , the answer 
sheet. These answer sheets are scored by an 
opfcT«^l .scanner and must be completed very 
carefully. Listen closely to what the proctor 




GIVE THIS SHEET TO YOMR PftdCtOR 
EXAM ^ , 

EXAM INFORMATION 

SUBJECT-MATTER SECTION 
lOENTIRCATlON 

TMCSC STANDARDS ARE FROM SCCTIOM I, NAVY DELISTED OCCUPATIONAL STANDARDS, OF THE MANUAL 
OF NAVY ENLISTED MANPOWER AND PERSONNa CLASSIFICATIONS AND OCCUPATIONAL STANbARDS 

NAVPERSJ8068-D INCLUDING CHANGE 2 / - 

THE BASIC BIBLIOGRAPHY FOR THIS EXAMINATION IS^NfAINED IN| 
BIBLIOGRAPHY FOR ADVANCEMENT STUDY (NA\/^0J^AJ0Q52-Y) 

FOR ALL EXAMINATIONS WITH SERIALWUWB^RS FROM 

800001 TO 809999 

1. This examinatloa was divided into SUBJECT-f^ATTER SECTIONS., The titles of these sections 
are general fn- nature and represent the -otcupational requirements of this rate, The chart 
below shows both the seational breakdown^ for THIS ■examination and the standards from The 
Manual of Navy Enl isted^anpower and Personnel Classifications and Occupational standards 
(Navfers 18068-0) used to support the questions. 

2. The basic bibliography for THIS examinatioh is contained in Bibliography for Advancement . 
Study (NAVEOTRA 10052-Y). It should be j-ememb^red that the publications listed for a^iverv 
rating and pay^rade may havt^ suggested reading lists or may make specific references to other 
publications. These reading lists and other specific referrals must be considered as part of 
the TOTAL bib! iograptty , 

3. 'This SUBJECT-MATTER SECTION I OENT I n CAT I ON SHEET i.s to i)e used wi'th the PROFILE ANAL'VSIS 
FORM (explained on the 'bac)< of this sheet) to identify a candidate's strengths and weaknesses 
in terms of, stibject-matter for thi* particular, examination. 

4. USNR>R usage of^th^ PROFILE ANALYSIS FORM is covered,.by separate correspondence. 

^' . 

EXAMINATION 
SECTION 



SUBJECT-MATTER SECTION 
TITLE 



OrrfNSlVe rORMATIONS 
QUARieRBACK OPTIONS 
PAS'". Pt A,N I'AT rrRNs 
[IFfeN'.iVf. rORMA: [i)U\ 

KFY isn Ml) nniiH! > ' 

rvn MINI.i'f i.AME PLAN 
RUl.f S AN[) Pt ^AL I " I 



STANDARDS SUPPORTING THE QUESTIONS 
((FROM NAVPERS 18068) 



-t 



X X n , X X X a . x x ' m , x x x x x 

XXX XX 

. I , f X XX < , < X X X X 

X t < X . X X X X X . X X X X X . X n X X . x x x x 

" ' r , XXX M . XXXX/ 

X XXX . X X XXX , XX XXX . xxxxx 



THIS SHCCT MUST BE USED WITH THl MANUAL OF NAVY ENLISTED MANPOWEII AND 
PEHSONNa CLASSIFICATIONS AND OCCUPATIONAL STANDARDS (NAVFtHs ISOSS) - 

Figure 1-4. — Subjept-Matter Section Identification Sheet. 

* II' 
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tells you, ai^d double check the information 
on your answer sheet. An error on this part 
of the answer sheet can often mean a delay in 
finding out how well you did on the exani, 

Subject-Matter Section 
Identification Sheet 



When you complete the exam, you will be told 
to give the Subject-Matter Section Identification 
Sheet to your proctor. This sheet is the back 
cover of the exam booklet. (See figure 1-4.) 
This tear-off sheet lists the general subject 
matter areas and occupational standards which 
were covered t)n the exam. The tear-off sheet 
will prove useful to you in analyzing your exam 
results when you compare it to the profile analysis 
form which you will receive after the exam has 
been graded. 

Profile Analysis Form 

When the exan) results are returned to your 
command, you will be given a profile analysis 
form sho\ving your individual result's, (See fi^re 
1-5.) ^ ' 

Space 1, Examination Status, shows whether 
you passed or failed, and your exan) score 
(©•g.» FAIL/42 mearfs you failed the exan), and 
your exam standard score was 42), . ' ^ 



S^ace 2, Your Final, Multiple, shows your 
* final multiple, the computatiorr o^ which was 
previously discussed. 

Space 3, Minimum Multiple Required," shows 
the minimum final multiple required for advance- 
ment within your rati^rg. Those individuals whose 
final multiples were the samQ, gr highe^:*, as that 
.shown jn thiS space were advanced, 

>Spai^4, (Sections 1-12), Consists of Section 
and Standing. The section number corresponds 
to the section number shown on the Subject-Matter 
Section Identification Sheet (fig, 1-4), and the 
standing reflects how well you did in relation 
to all others. taking the satne test. By comparing 
figures 1-4 and 1-5, you see that, in relation to 
everyone else taking this particular test, this 
^person did poorly in the area of section 7, 
but did excellently in the area of section 9, 
Space 5 will show the Passed Not Advanced 
points assigned to those -who passed the exam 
but, were not advanced. As mentioned esirlier, 
these points will become a par^of the beginning 
n)ultiple for the next ex^m; Ask your educational - 
services officer for more information about this. 
In summary, the occupational standards man- 
ual, NAVPERS 18068 (series), provides a list of ' 
the basic occupational gkills for your rating and 
paygrade; Personnel Qualification \ StandartJ^s 
(PQS) assist you in developing these skills; 
rate training n)anuals and nonresident career 
courses provide a method for acquirihg the 
knowledge associated with these skills. The 
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1 — TEl^MNING AND ADVANCEMENT 



Navy advanceiDent system is based on a com- 
petitive Navy wide exam and youf- demonstrated 
Bkflls documented by the Personnel Advancement^ 
Requirements (PAR) program.' 

Your educational services officer can provide 
more detailed explanations of the Navy's training 
prpgrams, assist you in establishing your own ^ 
study program, and provide both information 
and materials for your' advancement study. He 
can provide information on college prograrps, 
high school equivalency exams, Navy schools, 



lo^ialXraining courses, etc. He also has available 
to ram a list of the latesj Navy Training. Film6 
and the Navy publications you will require. 

No single ^blication c^n gixev^ all the 
information^ you need to peirform^fe duties of 
your ratif^. You should learn .where to ^ook 
for accurate, authoritative, up-to-date in- 
formation on all subjects related to the naval 
requirements and the occupational standards 
of your rating. 
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CHAPTER 2 




BASIC ELECTRICITY 



At this point In your naval career, you could 
pifbbabiy deectlbe yourself in on'e of the follow- 
ing ways: (1) You are a Seaman or Third-Class 
^ust grdduat^d from Ra^oman '*A'' school, (2) you 
ar^ a Seaman or Third-Class, a gradu&te of 

. Radioman **A*' school, and currently serving 

* somewhere In the Meet or ashoYe, or (3) you are 
a Seaman or, a Third-Class who* has decided to 
strike for the Ra/dioman rating without the benefit 
of Radioman ''A'' school. While attending 
Radioman *'A^' school, you found much of your - 
training to be **clerlcally'' or operationally" 

'Oriented. Hence, it Is quite natural to ask your- 
self the question: **Why do I have toknow*any- 
thing aBout electricity or electronics?" 

Is important to realize that, as'you advance 
in the Radioman rating, more will be expected * 
of you. Not only wjiM youtt rjesponslbilities in the 
area of leadership increase,, bu^ , more will 
be expected from you in the c i of profes- 
sional knowledge and skill. In other words, your 
"store-of-knowledge" must be greater. Add to 
that the fact that the Radioman rating is probably 
bi*oader and encompasses more areas than any 
other :single rate In the Navy today, and you 
have two veiy^ Important reasons for being as 
versatile as yp^ can possibly be. j 

There ard^ a variety of types of ships in the 
Navy today. Each type pr class of ship has a 
basic mission which depends upon its capa- 
bilities. Each communication center on each 
ship Is in some way different. Therefore, your 
job as a Radioman can conceivably encompass 
everything from equipment set-up, antfenna tuning, 
basic trouble-checks, and minor preventive and 
corrective equipment maintenaiice, to message 
preparation, routing, and filing. There is an old 
communications axiom that* "knob-twisters are 
not only a dim era- dozen, but they are also 
dangerous." In other words, not knowing the 
•*why" of thingar may obscure the possible dangers 
involved in ihe performance of any job. 

This chapter not only serves'as anintroducyjon 

, to basic electrical tel'minology and definition. 
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but-^ is also intended to aid you4ii your imder- 
standing of the materiaJ-contained in succeeding 
chapters On Baslc^ Transrpltter and' Receiver 
Theory, Test Equipment and Quality Assurance, 
and Antennas and Radio \Vave^'PropagaJtlon. It 
is the objective or Chapters 2 through. 8 of this 
*Rate Traimng Manual to Introduce, you to the 
basics Involved in those areas of the Radioman 
rating and, to prepare' yOu for the complexities 
involved as you advice rate.^ 



WHAT IS ELECTRICITY? ^ 

The question, - '*What Is electricity . has 
been asked countless times in the past. A good 
description of electricity would be the movement 
of free electrc . T le effects of electricity and 
electronics are explained according to the ELEC- 
TRON t'HEORY. Through the use of the electron 
theory, ^e have found that electricity has a 
predictable nature and may be contrx)lled. At 
this point, depending upon your electronics back- 
ground, you may or m^jj^ot be asking, *'What 
is an electron?" 
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Many people have allowed themselves to be- 
come confused in discussions of m atter or energy 
as related to the electron theory. So forpurposes 
of this discussion, we will detaironly those terms 
and definitions concerned with the essentials of 
the electron theory. ^ ' ^ 

BASIC PARTICLES OF MATTER 

To under stknd the electron, we -must first 
understand the basic structure of matter. MAT- 
TER ca^ be defined as anything haying mass 
and inei^ia and occupying any am^fltfnt of space. 
Ah example of matter is iroiY, which is solid 
matter. Ah example of liquid matter is water, 
anci^ an example of gaseous matter is wat§r 
vapor. Sq now we know that matter may exiet in , 
solid, liquid, or gaseous form. ^ 
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The Atom . 

An ATOM is deHtied ks-the smallest particle 
if any element. This stands to Reason because 
thQ thefory of the axom is the *)asis for all life 
and master. Let's take look at an atom and 
understand the ' different parts of it. (Refer to 
figure 2-1.) In the center or /'core** of the atom, 
we see the NUCLEUS, Most of the mass of the 
atom is contained in the nucleus. The nucleus 
may be equated to the sun around which all of 

'the planets revolve. The nucleus contains PRO- - 
TUNS -(positively charged' particl^) and NEU- 
TRONS (electrically neiiti^al particles). Whirling ^ 
around the ^ nucleus, much as tiie planets whirr' 
around the^ ^un, are ELECTRONS (negatively 
charged p^articles). Normally, therp is one proton 
for each'^electron sq t^at the net positive charge 
of the nucleus, is balanced tJy the ,net negative 

'charge of the electrons, tjhus the atom is ELEC-^ 
TRICALLY NEUTRAL. Normally, unlike charges' 

' will -attract each other; howev^yT, the centrifugal 
force of the revolution of the electron in its 
orbit prevents the electron from being drawn 
into the nucleus. It should be understood that 
not all atoms have the same number of electrons. 
For example, hydrogen has only one electron, 
whereas cilrium has 96 electrons in each atom. 

4 



NUCLEUS (5 PROTONS, 5 NEUTRONS)-. - 




PLANETARY ELECTRON IN ORBIT- 
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Figure 2-1; — The atom. 



The Molecule ' ' ^ 

*, 

A MOLECUL-E is defined as the combination / 
of two or i;nore atoms to form the smallesf ' 
part of > a compound. For: example, when' the 
compound water is formed,' two atoms of hydi:9r ^ - 
gen and onfe atofn of oxygen combine to fg^ 
a molecule of water. A single molecule is v^ry * , 
small and is not visible to the eye. Thej:efor,e,^' ' 
a ffeW'^drops of water may contain as-^irany as' 
a million molecules. A single fnolecule is the^ 
smalif st particle into which the compound may 
be broken down and still be the samfe substan6e. ' 
Once the la^t molecule of a compound is djivid^d 
into atoms, the ^ubsiance no loyger exists. 

Now let's relate -these several (Jefimtions to 
the original question, '*Wha> is electricity?*' 
We know that it Js tbe .movement. of free elec- 
trons,*^ and we also know that ^* atom is elec- 
trically^ neutral. A whple molecule or a whoi^ 
atom may be electrically neutrajT but 'the elec- ^ 
trons and protons-Wi thin ^he atom are* not. Elec- . 
trons and protons are referred to as SUBATOMIC 
PARTICLES, and they are electric in nature. 
That is to say, they are the particles of matter 
most affected by an electric force. Protons are 
inherently positive and electrons are inherently 
negative. It is this inherent characteristic of each 
which makes ^em sensitive to an electric force. 

To 'simplify the electron theory, figdre 2-2, v 
we have' 'expanded' a piece copper wire (gpA- 
sidered to be a good conductor) and shown the 
action of individual atoms within the copper. 
vVe have also applied an * 'electric force'' men-* 
tioneti above in the form of a simple battery. 
When we connect both ends of the copper wir^ 
to the terminals of the battery, the electric^ 
difference between the negative and positive 
termineflf causes the orbiting electrons to be 
randomly "pulled'* oi^t of their respective orbits 
toward the j)Qeitive terminal. Those electrons 
pulled out dl' orbit arejT' referred to as FREE 
ELECTRONS^ These free electrons then collide 
with oribiting electrons of neighboring atoms, 
knocking thejn out of orbit, thus making theui 
free electrons as ^ell- These free electrons axe 
£l11 moving toward&he positive terminal, and this 
process is happening simultaneously in millions v 
,of atoms, within the copper cbndUc^r. This proc- 
ess will continue until there ;s no longer an 
eteofriq^force applied or until tfhere is no longer 
an electrical difference'* between the Wo ends » 
of the copper conductor. Thiy '^diff^rence** will 
be discussed later in the cj^apter. The move- 
ment of these free electrpuh is represj^ntativfe 
of the electron theory. Pi*^obably, .not onQ.of the 
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whetl^t. ttie ^i^otfly gains or loses electrons., it^itf" 
^said to be lONIzio, An atom having more thaH 
its normal j^ountof electrpps acquires a negative 
charge, ^ngg dlectrpns are electrically negatmre 
is G^^fed 'a NEQA3^IVE ION. An atom that 
. loses .sokne of, its- electrons is left^with more.' 
p'rotons uian electronB,^^ and since protons are 
electrically pcfpitive, the irtbm is called a POSI- 
TWE IpN. Thus, IONIZATION is the process by . 
wwch an atom loses or 'fgains ^electrons. (See 

figure 2-3.)' ^ ' / . ^ ' 

Some rnaterials ar^v^asier to ionize th^ 
others. By thctt we'mean that(someiof the atoif 
of certain metallic atoms a!re^So loosely ben 
to their nuclei that they ^e comparativeW^ee 
to move from atom to -atom. T&us, only^very 
sniall iimount of energy or force' is needed to 
cause such electrons to become^ free* elefetronis. 
This energy, ^ or. force, or **eleqtrical^ force'' ^ 
aa^we have referred to' it, . is sai(f|to be the source 
bf^Qxcitation, or the atojn is said tobe ,EXGIT^D. 

■■■■ 'V 
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Figure 



e electrons. 
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electrons ftows around {he entirety pf the elec 
^Iric circuit represented' in figure 2-2; rather, it 
is the chain reaction of electrons being displaced 
simultaneously by the n^illions that constitu|e 
electron flow, or current flow,. Current will alail^ 
be discussed later in the chapter. Now you knofW" 
the **electron theory'*, and, ks you can see, 
it's very-rtmple. ^ 

There is one poinj^remainirig to b^ covered 
before -you "^caii fully understand the WHY of 
/ electron flow. The ' question has been asked, 
**Why doesthe electron ntiove and not the proton?" 
The,^uiswer to that question may b^ answered 
in none wo^'d: WfelGHT. The protons in atoms are 
, tremendously heavy. Even in the element of 
• hydrogen, which has ihe lightest proton weight of 
all the elements, the protpn is approximately 
N(l,85p titties heavier than its electron. Therefore, 
^^Jl is the Ughter electron which is most affected 
by electrical force, which brings us to our next 
term, IONIZATION. 

Ionization * 

As we knowi it is possible to drive one or 
more electrons out of th^ir respective orbits. 
It is also possible to cause one or r?^ore elec- 
trons to* be attached to an atom, giving that atom 
an o*er-abundance of electrons. In either case. 



CONDUCTORS AND INSULATORS - ^ 

Substances th^^i permit ^e free motion of 
large oumbers. of Velectrons are cjilied CON- 
DUCTORS. Copper Vir^ i< considei^ a good 




electron 



r 
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Figure 2-3. — Free electron colliding >vith or- 
biting electron causi ^ ionization. 
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cdnductop- 'because • Jt l^as many free electrons. 

r Electrical' 'eijergy is transferred' through the . 
conddctor , by means bf \the>inovement of free 
electrons thatj^migrate f rom atom to atom, inside 
the (conductor^ Refer back^o figure '2-2. Each 
electron \movQS a very short distance to the 
nef^bormg/latom whe^e it replaces one or more 
electrons by fofciijg^^tt^m out of- their 6rbits. 

^he ^ireplttced electrons repeal the process in 
other nearby atom sj until ^he movement is ti'an^- , 
piitt^ througl&ut the entire length of. the :^on- 
ductof. The greafet the number of electrons tliat^ 
csin be made to -move in. material und^ the 

\ aDplicatijdn- of a given fo5»e, -the. better are4he, 
COTjIiys^ qualities of-ij^Jiat mater lad. A good 
Qtrm^cAoT is said to.h^^a a low oppositiort of 
iovrV^fei stance, tft^ current^lectron) flow. 

'Some of the more commonly used metal 

- conductors ar<B.'Sjl'^r», coppef and aluminum. 
Of these thrCT^.the best conductor is silver. 

. However, popper is nfore commonly used bg-^' 
cause it is les$ e^cpengive than silver. The ability 
of a m^aterial to conduct electricity is alsq^ 
dependent upon itfl*-dimensions. By this we m^ah 
its length, width, cross-sectional area, etc. 
Temperature is anothlSr important factor that 
determines the- ability vof a material to conduct 
electripity. / / 

Some materials give up very few free elec- 
trons and very large amounts of energy pi^ force 
must be usel^ to break the- electrons loose 
"within the niaterial. '^Iiese materials are (Jfalled 
INaJLATCRS. Actually, electron motion is known 

, to exist to sohoe extent in all materials. The more 
conductive ma]brials are used as conductors and 
the less conductive ones as insulators. Listed 
below are some df^'the best conductor^ and 
insulators, shown in accordance with thetr re- 
spective abilities to conduct or resist the flow 
of electrons. 



Conductor^ 

Silyer 

copper 

Alum inum 

Zinc 

Brass 

Iron 



Insulators . 

Dry Air 

dlass 

Mica 

Rubber 

Asbestos 

Bakelite* 



called SEMICONDUCTOR^. Germanium and. 

^licon are examplps^ofmi^ri^s in this category. ' 
It sjaould IxT mentioned .that tkbre are manj 

'things affecting the ^libility of 'a material to 
either conduct or resist jthe conduction of elec-^ 
tricity/(electrong). ( ' , 

Factors Affecting Elpctron / • . ^ 

Conduction \\^ - 4 

The . science df determining the proper type ^ 
of materieLl to be -us^d ^in. electi'onic circuits 
or in the wiying of these circuits is a va^y 
com/plex onei. The purpose of this '^scussion is 
tcnecquaint yoU with'^som^ of l!he teMS that you 
^ay coi»e ^intP. contact with' afs welF^as theii^ 
meanings, ^s^ was.nTentioned, roany things affect 
the ability of - a ntateirdar to conduct* The re- 
sistance offered b^ a x5onducto«v. to the flow of 
electrons is referr'eV to as the RESISTIVITY or 
• SPECIFIC RESISTANCE of thaj cpnductor. The 
resistivity or specific Fe^iit'anc'e of a material is 
proportional to that conductor's length and cross- 
sectional area. The* longer the ciwiduct^, the 

- more resistance it will offer Joj electron flow. 
The wid6r the' conductor, the^Jess resistance 
it will offer to electron flow. Therefore, we can 
say that ^tha resistanc^ie of a conductor varies- 
directly ..j^Oh" its length and inversely with /its y 
width or-i^rdps-^sectional area. ^ c" 

TEMPEijtL\.TURE affects different materials^n 
different vfays. For example, the resistajgfc^ of' 
pure metals— such as ^.silver, copper and 
aluminum — increases as the temperature in-^ 
creases. However, some materials such, as con- 
stantan and mangailin, change very'Uttle as the 
temperature chaiige^ The amount of increase? 
in the resistivity of^a conductor in reference to 
a set per- degree rise in temperature is calle(l 
the % temperature coefficient of ^resistance. 
Although the term itself is quite long, the mean- 
J^fljH^ it is simple. Rememjl^er, the> abilit^T^ 
IFfTOnductor to conduct electrons is called/ its 
CONDUCTIVITY; whereas, the ability of a con- 

- ductor to resist the flow of elec^SjittS thorough., 
it is Ailed its RESISTIVITY or SPECTFIC ]JE- ^ 

sist/nce. , . • 



There is a ''gr'ay'' area existing between 
conductors ^and^ irimilsltors. That"is to say that 
there are', some materials that are neither good 
conductors nor good^rteulatOTS. Depending upon 
the circumstance s^/SOme material may acteither 
as a conductor o» an insulator. These materials^ 



Another important factor affecting condtibting 
materials is the sq-called BREAKDOWN P6- 
TE^rjTIAL of that rrtaterial. The term itself simply^ 
means the amount of curyenV or power that the 
conducting material is capable of handling before 
it ^'breaks dowo?*' or is destroyed. We "haven't 
discussed power^et. That is covered Ijiter in 
^t^iis chapter along with its relationship to current. 
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THE SIlfLPLE E-LECTRIC C^IRCUIT 



fhus ffiLToVe have defined electricity and 
•gained a l^^Q insight as to the why of elec- 
tron flow. Xh? next step isrto^^Q a simple 
.electric circuit arid discusi ttie^ cornponents, 
comprising It. We^ will als§'> define and discuss' 
the elect^cal valueS^ associated with apy plec- 
ti|:ijcal circuit. ' 4 ' V 

• I?i figure 2-4 wa'haVe showl the moet simple 
pircuit'. The battery Us' the ^souj^oe; of electricsQ 
energy. Th^ two wtree connected teethe nogative^ 
(7) and positive (+) terjnlnals of Ine battery and 
to tl^e light represent the conductors of elec- 
tricity..' The light rQ^resents. Jhe LOAD, of- the 
receiver of electrical, energy. On the left (fig- 
ure 2-4(A)), we have shown a CLOSED CIRCUIT. 
Tnis simply n^*eans-that there is a eqmple.^ 
pathway for current to flow. . When this happens, 
the ll^t will' be lit by the, electriced' energy 




(A) 

CLOSED CIRCUIT 




OPEN CIRCUIT^ 
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Figure..2-4. — (A) Simple Electric circuit (closed) . 
(B) Simple electric circuit (Open). 



r 

received fi^on? the battery. On the ri^ht (fig- 
ure 2-4(B)), we have shown an OPEN fclRCUIT.. 
This Vneans that there is no longer a cfoBoplete 
pathway for curi/ent to'flow^. We may <<^en'* 
the circuit by Bpiply removing -the conductor 
^^from either termiingd of the "battery, or we could 
' have » accomplished the same 'thing by removing 
the conductor from either terminal pi* the light, 
^ In either case, electrons would not' flow through 
the light and the light would not be lit.^Remember,^ 
cur^tot will flow only in a closed or complete 
circuit. , ^L^, ' 
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• " Before we may propped further with our ansil- 
ysis of a simple ^ectric circilit, one fact must 
be understood, in' all cases and under all cir- 
cumstances, electroh flow (or current |low) is 

- always from NEGATIVE to POSITIVE. Referring 
back to figure ''2r4,, we wtice Sat the arrows 
indicating ourr^nt^flow , show that the electrons 
move from the S^gative (-) terminal, through 
the' light, and b^cH to the pdsUive (+) terminal 
of the battery. This happens becau^ the negative 
tejminal is attached to m&terifid that is more 
negatively charged than^^ljfe positive terminal. 

T lis means that £he negatij^e material has a 
greaVier abundanc'e^^of electrons, than does the 
positive material ."^ A material that has such an 
abundance of electrons is said tp' be more 
NEGATIVELY CHANGED in relation to the posi- 
tive material. If we were to take, two conducting 
'Materials, one more negatively charged than the 
other and glace them side-by-side, nothing would 
happen. HoweVer, if we were to attach t^ese ma- 

• terials with g conductor as'^sh^n in figure 2-5, 
then we would have current flow^^rom the nega- 
tively charged material to the positively charged - 
&)ateriai; ^ This Kappfens because electrons, like 
waxer, seek an equal.leveh The different charges 
existing on the materials in figure 2-5 tend to 
equalize or **balarice out*'; therefore, the excess 

.4iof electrons in the Negative material will flow 
toward the positive material until there is an 
equal' charge existing on both* materials, when 
equal charges exist, current ceases to flow and 
the circuit is«^then in what is refe^rred to as a 
^'static*' state''* due to the balanc^/ of the two 
materials. . ^' 

Whenever two sources of electrical energy 
such as those depicted in figjire 2-5 have dif- 
^rent electAcal^ levels, they are .said to have 
aCDIFFERENCE IN POTENTIAL. It is this dlf- . 
ference in potential thaV causes current to flow 
in an electrical circuit. Without a difference^ 
in electrical potential, there could be no current 
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Flgjare 2-5.^ Efectron flow from negatively 
charged^ material (-) positively charged 
material (+). ' ' ' 




very important that we. 
.iference, what, it mean 



flow. Therefore, it 
understand potential 
andliow It te used. 



Schematic Represeiytation 



Before we may proceed with 6he discussion 
of electrical circuits Md their associated values, 
a ^^chem'atic should ^ defined and explained. 
Flfst of all, what is a'^schematic? A SCHEMATIC 
Is a diagrano in, which symbols are used for 
the various- com^Tonents ceittained in electrical 
circuits. These symbols make diagrams of elec- 
trical circuits easy to draw and easier to under- 
stand. In addition to that, they save space. In 
figure 2-4 we showed a battery connected to a 
light bulb via two conducting wires. Below each 
battery in figure 2-4 we have shown the sche- 
matic equivalent of both the closed and open 
circuit..' In figure 2-6 we have shown another^ 
schematlb equivalent of a basic circuit. The 
only difference betw.een the two figures is that 
we have Included a resistor designated as Rl, 
Instead of a light bulb in figure 2-6. W6 have 
not discussed resistors yet. This will be dis- 
cussed later in this chapter. 

This concludes our discussion of basic matter ^ 
and answers our question: What is electricity? 
We are now ready to go into the various valued 

i i- 



BAt.TERy 




. . ' » 236^^ 

Figure 2-6. — Schematic diagram of a» basic 



^circuit. 
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that may be derived and computed from elec- 
trical circuits, such as voltage, current, resist- ^ 
ance and power. ^ 

VOLTAGE ^ ^ 

Voltage may, be defined as ''the force \yhich 
caufee3 free electrons to moye in a conductor^ 
as an electric current." Whenever two unequally > 
charged bodies are connected by a ^conductorj^ 
electrons will flow along ttie Conductor. This 
flow is from the. negatively charged body to ttie-N, 
•positively charged body until the two charges jure 
equalized. This occurs because of thfiDlFJBR-" 
ENCE IN POTENTIAL that exists between these 
two charged bodies. Let's take a look at figure 
2-7 and see a simple demonstration of {his 
process. 

What we have ..shown in figure 2-7 are two 
water tanks connects by a gipe with a stop- 
valve attached to it. In tank A, the water level 
is near the top; whereas in tank B, there is 
no water. Think of tank A as a very negatively 
charged body with the* water representing an 
over-abundance of electrons. Think of tank B 
as a very postlvely charged body representing 
fewer electrons with its Emptiness. Lastly, think 
of the pipe as a conductor. When We attach the ^ 




^ 236.20 
Figure 2-7. —Wafer/tank nepresentatton of **dif- 
f6reno6-ln-potenttal" 



y oonduotor, repreaented W the ^ipe, to the two 
;f otaarg»d boctteB Ctanka a )iijbd B), water will flow 
Xirom tiiilc A to tank' B until aii equal lever is 

reached in eaoh.' We simulate thid action 

o|Iening the valve, which would bfe the same thlnj* 
* as oonnepting the otoduotor . When the water level 

i%eqtiali,no more water will flow from tank to 
^ tank. Jlie flow ' of electronic i? very similar 
\ In action in that when the chjgp^s are eqijal, 
Afileotron. flow will: cease /(RSb to-^he lack of 

'>^Uil!iprence in potential." . ' 

As we will team later in this chapter^ voltage 
can be mi^ured when *?ve^know the values of 

, o\urrent and resistance. The term for measured 
voltagie \^ the VOLT. \i is a term you wlU be- 
come familiar with as you continue in your 
study of electricity. Circuit voltage values are 
represented by the letter **E'' followed by the 
nuinerical value, e.g. E = 100 volts. 

Ther6 Is gne other term associated with volt- 
age and ^'difference in potential.'' It is called 
ELECTROMOTIVE* FORCE (emf). These three 
terms— Yoltage, difference-in-potential, and 
electromotive force (emf) — are all one and the 

V 8|une; so don't be confused by them. % 

There are six different methods of producing 
a voltage. Soii(^e of these methods are more 
widely used than others. The following is a list 
of the six methods of produ^ng a voltage: 

,1. FRICTION — Voltage produced by rubbing 
^ two materials together. 

2, PRESSURE — (Piezoelectricity) — Voltage 
produced by squeezing crystals of certain sub- 
stances. 

3. HEAT— (Thermoelectricity) — Voltage pro- 
duced by heating the junction where two unlike 
metals are Joined. 



4. LIGHT —(Photoelectricity) — Voltage pro* 
duced by light 8trikini:phot08en8ltive (light sensi- 
tive) substances. * . 
, 5. CHEMICAL ACTION —Voltage produced 
by chemical reaction in a battery^ - - 

6. MAGNETISM — Voltage produced when It 
conductor ^oves through a magnetic field or 
a magnetic field nioves through a conductor. 

Now you know what voltage is, how it is 
measured (in volts and abbreviated 'W*), the 
three most common names forit. and the six ways 
of .producing it. We will learn to compute voltage 
later in this chapter. For"the njoment, howeypr, 
► , you need only be familiar with the term and what 
it means. Detailed descriptioAB of the methods 
of producing voltage are contained in BASIC 
ELECTRICITY. NAVEDTRA 10086 series. As was 
mentioned earlierg in order to compute voltage, 
you must have other values available to you, 
such as current and resistance. The next topic 
will be a discussion of current. 

CURRENT 

Electric CURRENT is no more than the drift 
or flow of electrons through a conductor. The 
direction of this drift or flow of electrons is from 
a negative potential towards a l6Bfl«^|^ye po- 
tential or a positive potentijUajQiii^^ 
determined the polarity of tto voltage source . 
There is a wo;*d we haven't discussed yet: 
POLARITY. To better understand this word, take 
a look at figure 2-8. Here we have shown a 
battery source voltage and two resistors (repre- 
sented by Ri and R2). We show electron flow 
coming from the negattjj^rminal of the battery, 
through R2, then Rlfiuid returning to the posi-^ 
tive terminal 'of the bcLttery. ^^ye have also 
shown that because the electron flow is a nega- 
tive value,, the point at which the current enters 
the two resistors is more negative than the point ■ 
at which the current leaves. Therefore, we can 
indicate the positive and negative pQints with the 
markings of (+) for positive and (-) for negative. 
That is all that, polarity is, simply the different 
electrical charges existing at different points in 
a circuit. This term will be used time and again 
throiighout our study of electricity and circuit 
solving. The easiest way to understand the word 
{.^*polarity» is to think of the terminals of a bat- 
tery < The negative terminal is more negatively 
charged than the positive terminal. Therefore, its 
POLARITY MARKING iS (-), whereas the polarity 
marking of the positive terminal is (+). They exist 
at two different electrical potentials. ' 



20 



EKLC 



Chapter. 2 -BASIC ELECTRICITY 



1^ 





Figure 2-8. — Polarity marking. 
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There are two classifications of current 
movement; RANDOM DRIFT and DIRECTED 
FLpW. First, let's understand what * 'random- 
drift*' is ahd" What causes it. We mqntioned 
earlier that when an atom gains or loses an 
electron* it is said to be ^obized. In some ma- 
terials* ionization occurs quite easily. For exr 
axn^e* some conductors are made up of atoms 
that contain very loosely bound electrons. These 
lopeely^bound electrons may break away from 
tl^lr^ respective -orbits at room temperature. 
Theto free electrons^ also called **mobile" elec- 
trons, take a path that is not' predictable and 
drift arotind within the material in a haiphazard 
manner. Such a movement is called random drift. 

DIRECTED FLOW has already been discussed 
to some degree. You already know that^^whenever 
a donductlng material is connected to the nega- 
tive and positive terminals of a battery, the 
'^difference in potential" between the twotermin- 
alB will inanimately cause the electron chaia- 
reiaction discyssed earlier. These free electrons 
will flow towards the more positive point. This 
is oWed directed flow. 

In electronic circuits and schematics, we 
syipbolize current with the letter designation 
"r*. Just as voltage is measured in volts, we 



must have a term .tiliat determines the aniou|it| 
or number, of electrons flowing in a given 
conductor.. Th9 terin. AMPERE is the unit of 
measurement that deff!r^s the RATE at which 
current flows. We measjire current in anoperes^ - 
and this is usually abbreviated amp. One ampere, 
Or amp, may be defined as the flow of 6.28 x 
10>® electrons per' second past a fixed point 
in a conductor.. - 1 

Another 'term that needs to be understood in 
relation to current is toULOMB. The ^coulomb 
is a unit - quantity of electricity much as a 
. gallon is a unit quantity of li^d. A coulomb 
is a measure of electric charge equal, to that 
carried by 6.28 x 10^® electrons. Get it straight. 
The ampere is the RATE at which current 
flowe; the coulomb is the QUANTITY of elec- 
trons. They are inter^-relalted through the pom-' 
rpon factor of TIME (t). Therefore, the quantity 
of electrons in coi^pmbs (symbolized **Q'*) that 
is moved through a djrcult is equal to the pro-^ 
duct of the current in amperes, I, and the dura- 
tion of flow in seconds, t. E3q)resBed as an 
equation, Q « It. , ^ 

For example, a current of 2 amps flows 
through a circuit for 10 seconds,, the quantity 
of electricity moved through the .circuinffir2 x ^ 
10, or 20 coulombs. Conversely, current flow 
may be e3q)ressed in terms of coulombs and 
. time. If 20 coulombs are mo;j^ through a 
circuit in 10 seconds, the average current flow 

is or 2 ^perps. Thus, a current flow of 

2 "amps is equal to 2 coulombs per second. 
Remember, one is rate; one is quantity. 

The ampere is normally much too large a 
uni]t to work with in electronic equipments. 
Usually, current only flows at very low rates, 
such as MILLIAMPERES (ma) which is one- 
thousandth (j^) of a» ampere, or MICRO- , 
AMPERES (ua) which is one-millionth(^ qqq) 

of an ampere. As you gan see, many things 
in electricity are 'associated in some manner 
with time. This is something that you will see' 
often in your study of electricity. Time i§ in 
some way related to all electricity. If it is 
not normally part of an equation. It is used 
to derive one of the values usetf !h the equa- 
tion. Later In this manual, when we learn to 
calculate electrical values and enter into a.c. 
theory, you will further appreciate the element 
of time in basic electricity. ' : 
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RESISTANCE 

« 

The term RESSTANCE may be defined as 
**the opposition to current flow in an electric 
oiroUiU'* It .'Should be pointed out that every 
material or part of a circuit has some resistance ' 
that it offers to current flow. As you jdready 
know, even the conducting wire itself offers 
some resistance due to its length and cross- 
sectionar area. Katuralty, we use the size- Ad 
type of materials that offer minimum resistafcce 
to electron flow in circuits. 

Resistance in a circuit may either be a 
natural resistance or a man-iiiade one, designed 
for a specific purpose. For example, in figure 
.2-4, the natural resistance of the circuit fs that 
resistance' contained within the battery, the con- 
dutting wires, and the light- bulb. However, in 
some circuits we will insert deliberate resis- 
tance into a circuit to accomplish an end,. If 
you refer to Appfendlx II at the end of this man- 

-ual, * 'Mechanical and Electrical Symbols" r you 
will see the electrical symbol for a RESISTOR. 
Many resistors are made today in many sizes 
and fixed valines specifically for electronic cir- 

. cults. This ief because all circuits have a purpose, 
and there is something in DRTticular that we 
want that circuit to accomplish for us. It .takes 
a fixed combination of components and potentials 
to achieve this end many times. Therefoi*e, we 
manufacture deliberate resistances for circuits. 
The symbol for a resistor may indicate the 
natural resistance of a circuit or a man-made, 
fixed resistance. In either case, we are able 
to determine the value of ' resistance in circuits 
and, by doing so, can aid in finding other values 
in a circuit, such as voltage and current. 

ResistjEuice in a circuit is measured in OHMS 
and is symbolized by the letter "Omega" (in- 
dicated also in Mechanical and Electrical Sym - 

./ bols). One **ohm" of resistance, is considered 
to exist whenever a circuit element permits 
1 ampere of current (1 coulomb per second) 
to flow wh^ an emf (voltage) of 1 volt is ap- 
pliedl The/formula is e,xpressed, R (resistance) = 

. E (voltB&e) T . ^ 
r (cij/rentV ' ^® ^^^^ derive an 

electrical formula to cover the topics of voltage, 
curreijit, and" resistance. The formula is E = 
r x R. This means that we can multiply current 
(I) times resistance (R) to find voltage (E). 
To find any value of the three, all you have 
to do is transpose the formula accordingly. 



For example, if we want t9 find resistance, we 
simply divide voltage by current: j. To find 
current, we simply divide ^ voltage by resist- 
ance: — . we wilf be using this, formula in 
our circuit calculations later in this Chapter. 



CONDUCTANCE 
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Quite often in elefctricity you will find that 
we use opposites to detern|ine different values 
in a circuit. An example of this is the term 
CONDUCTANCE. The term may sound complex, 
but it merely means the opposite of resistance. 
For example, we say that the ability of a com- 
ponent to oppose current flow is ''resistance.". 
The ability of a component or jnaterial to pass 
^ electrons i^ known as its conductance. 

■ . . ■ r- ' I 

Conductance is the opposite of resistance, 
or to be mo^e precise, its RECIPROCAL. A 
reciprocal of a number is obtained by dividing 
the number into onrf. In other words, if the 
resistance ^ of a particular component or ma- 
terial is 6 ohms, we wotJd divide that figure 
into 1 to find the conductance of that com- 
ponent or material. This could be expressed* 

as -g, and the answer would be: .166. This 

answer would be expressed in the term MHOS. 
We use *mhos because mho js the word **ohm" 
spelled backward. Conductance is the exact op- 
posite of resistance, and it is indicated by 
the designation **G''. We may now derive a 
formula that is constant in terms of Conductance 
and resistance: 



G 



R 



or 



R= -t; 



POWER 



POWER may be defined as the RATE at 
which work is done. Whenever a force, whether 
electrical or mechanical, causes motion, WORK 
is done. Naturally, we are speaking electrically, 
so let's take an electrical example. If we have 
a voltage, or difference in potential, existing 
between two points in an electrtcal circuit and 
we connect a conductor between these two points, 
electrons will flow. We are causing 'motion; 
therefore, work is done. We call this work. 
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PpWER.^^Power is measured in WATtS (W) 
Md iB tfie product of current" and voltage. In 
other words, if we were to rai^e either the 
ourrent or tha voltage between those two points, 
power would increase. This can be expressed 
as a formula: P « I x E. In this foripula, Power 
(P) is obtained by multiplying current and volt- 
age (I and E) . This formula never changes although 
it is not the only one we may use to find powai:. 

Let's cdvy our description ofpiwor further 
in order to better understand it. It is important' 
to understand that a given number of electrons 
may bs moved from one point to another in 1 
•eoond or 1 minute, depending upon the rate 
at wh^ch they-^Kr^. moved. In either case, the 
total work done would be the same, only the rate 
changed. Let's take an example of 1 amp o^ 
current flowing with a difference in potential 
ot 5 volts. If we apply the formula of P = I x E, 
then the answer would of course be 5 XXratts. 
So the RATE' of electrical power used is 5 
wHtts. Now let's increase the current flow, 
or, the number, of electrons that we're moving 
between the same two points' at the same voltage 
level. Let's increase the Current to 3 ampBres.; 
Once again we use tfie formula of P = I x E, 
and . the answer is now 3 x 5 =15 watts; of 
ele^ical power used in the bbxdb amount of 
ti^Kthat we used 5 watts beflre. Therefore, 
the^Kte of power^ increased when we increased 
current. We could have increaseci voltage with 
the same effect. 



I 

than one pf a lower wattago >r/tlng^ These wattage 
ratings of electrical devices normally ihdicate 
the safe oi^oraUng limits. Exceeding these linoits 
.usually causes damage to the device itself or 
may bo hazardous to you during operation. 



INTRODUCTION TO DIRECT 
CURRENT 

Electric curreat Is classified into two types: 
DJRECT CURRENT (d.c.) and ALTERNATINQ 
CURRENT (a.c). Alternating current (a.c.) will, 
be discussed later in this chapter. Direct cur- 
rent (d.c.) is current which flows in one diVec - 
ti on only. This direction, of course, is from 
the negative to the positive side of the source. 
In moot of the illustrations in this portion of 
the chapter, we will feimply use a battery to 
represent the source voltage of the circuit. 

In our study of direct curreat (d.c), we wlU 
be calculating the various voltage, current, resist- 
ance, and power values. Our study will also 
include what is known as SERIES andP/vR\LLEL 
circuits. So before we continue, let's define both 
of these terips, 

SERIES CIRCUIT— A circuit that contains only 
one path for current to flow, Flg^ire 2-9 shows 
a simple circuit showing the source as a battery. 



Power is a function of current in that, as 
we vary current in any circuit, power varies 
directly with it. The same could probably he 
: said to be true of voltage. As we vary voltage, 
power varies directly with it. The important 
thing to remember here is that power plays 
an^important ^art in communicatioiiiS equipments, 
idotennas, and electrical devices. 

^ Electrical lamps and soldering irons are 
examples of electrical devices that are rated 
in watts. The wattage rating of these devices 
indicates the rate at which they convert electrical 
energy into ari'>tber form of energy, such as 
light or heat. For example, a 150-watt bulb 
will produce* a brighter light than a 100-watt 
bulb simply because it converts more energy 
into Ught. 

Soldering irons usually have a power or 
wattage rating. The higher the wattage rating, 
the more energy thdt. the iron converts into heat 
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Figure 2-9.— Simple series circuit. 
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Current will flow from the negative terminal, 
cthrou^ tbe recdstor shown and back to tiie 
posltiT^ stdOj or terminal, of the battery.^ , 

PARALLEL CIRCUIT— A circuit having more 
than one curreat path connected 'to a cemmon 
voltage^ aouroe. Figure' ^2-10 shows a basic 
parallel 3lroul% using a battery as the 

eotiroe. Thsre arte two paths for current to 
flow: From tbe source, through each leg and 
resistor, and baok to the souroe. 

We will cover both tjqpes of circuits in this 
section and learn to solves them for the electrical 
values desired.; We wijUl begin the coverage of 
d.c» ^th series jSiroiiits and move oa to parallel 
clrcn4ts later. ^ 

SERIBS D.C. CIRQUITS 
Current Calculation 

In fig^e 2-11, we have shown a simple series 
circuit. We have a source voltage of 2 volts, 
a slni^ path for ' current \x5 flow through Rl 
whose value is*^ ohms, and back to the positive 
side of the source (Ebb). To dstermine the 
amount of current flowing in a scries circuit is 
(piite simple. All you need to ^o is to add 
each of the resistances around the circuit, 
and divide that figure into tha, tot8^t\voltage. 
Let's take an example: using figure 2^1, we - 
know what the total voltage is; it*s 2^ volts, 
the source voltage. The total resistance of 
thia circuit is the reaiptance contain^ In Rl, 
which is 2 ohms^ Remember the f^mula I » 
E * 

You take resistance (2 ohms) and divide 
that into voltage (2 volts), and that will give 
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Figure 2-10.— Basic parallel circuit. 
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• / 76.84 
Figure 2-11.— Determining current (I)inasimple 
.series circuit. 



you the current flowing in t;his particular series 
circuit. The answer, tA course', is 1 ampere 
of current flowing. /. 

Now let's take another example and solve for 
'Current. Look at figure 2-12. You can see that 
it is basically the same as figure 2-11, the 
primafy difference being that we have more 
resistors in the circuit. Don't let this confuse 
you, it is a si|nple matter of adding each of 
the values of resistance together and doing the 
same thing that you did in figure 2-11. Let's- 
doitl ^ I 

Again we use the formula, I • The 
* R 

source voltage (E) is 100 volts. The total resis- 
tance is 100 ohms (Rl + R2 + R^ or 10 + 10 + 
80 = 100. Remembar, in a series circuity total 
resistance can be found by simply ad*iing up 
all of the resistaiices, or, the total circuit 
resistance (RT) is eqdial to the sum of the 
individual resistanpes. As an equation, it would 
read; Rp - Rl +- R2 + R3 . . ^etc. Again, we 
simply divide the total resistance (R^) into 
the source voltage (which is also total voltage, 
Ej) and the answeY' is 1 iampere of ciirrent 
flowing in this series circuits 
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Figure 2-12, — Solving for total resistance (Rx) 
in a series circuit. 



Since thdre is but one path for current to 
flow in a series circuit, the same current 
flows through each part of the cirqult. You c<»ild 
actually defermine total current (Ij) iJi a series 
circuit by solving for efurrent in any one of 
tlie resistances contained therein., For example, 
in figare 2-12, we could have determined total 
current simply by .finding the current through 
Rl or R2 or RS^i Since it is ja series circuit, 
the current is (constant; that is to say tha^- 
current is the same throughout. ^y series cir- 
cuit. > ^ \ . 



Voltage Calculation 
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\Thas far^ the total voltage (Ej) has been 
\ glveu to us in the form of sdurce voltage. How- 
ever, sometimes we may not know what the^ 
jfouroe voltage lis, or we may be asked to prove 
that souroe voltage Is indeed total voltage.^ 
iSrst of all, a flat statement: Total voltage is 
equal to the sum of the individual voltage drops 
aroOnd a series cir<ftilt. Now there's a word that 
wa havenT^^ttsed yet: VOLTAGE iJROP. \^diat 
is a\ voltage drop? Xook at figure 2-13. we 
have a simple seried circuit with two resistors. 
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Figure *2-i 3.— Calculating voltage-drop" in a 
simple series Circuit. 



each with 5 ohms of resistance, and a source 
voltage of volts. First, let's find- total cur- 
rent; (It). This Is done very sinjiAy by, adding 
the, two resistances, Rl + R2,. or 6 + 5 « 10 
ohms of resistance. Then, of course, we divide 

20^VOlt8 o 

that figure into total voltage, - 2 am-. 

pares.). With tetal current (2 amps), we can 
fihd the Individual voltages Impressed across 
Rl and R2. Remember, current -is constant 
in a series clrcxilt. 

We multiply the current times the resistance, 
or I X R, and that will give us the voltage im- 
pressed across Rl, In this partipular example, 
the current is 2 amps and the resistance at 
.Rl^ is 5 ohms, therefore, 2 x 5 » 10 volts. 
This 10 volts is the voltage drop" aOroes 
Ri. If we computed the voltage drop aorops 
R2, we would find that the answer wotild also 
be 10 volts ^'dropped" across it (2 amps x 
5 Ohms » 10 volts). We. would also find that 
the combined total of tbase two voltage lirops 
across Rl and R2 would eijiiai our source volt- 
age of 20 vo]|s. 

' This serves to' prove our original statement^ 
about total ^Itage being the sum of the individual^ 
d^ops around a series circuit. Therefore, total 
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i ioltagd. (Et) » El ♦ E2 + E3 r. .etc. Although 
4tid^ louirpe^ 20 inOlts in figure 2-^13, 

liMllvlidhiftl voltage drops at tbd various resis- 
tors use only pait of that total in a series cir-* 
Otttt* The amount that each resistance uses or 
drops, of course, depends upon its/fotal reslst- 
andie In relation to the other resistances. The 
lii|^r the Mslstanoe of a particular reftlstok*, 
fbe Ugber will be its volti^ drop. a * ^ 

JleslstaAoe Calculiitibn 

>Vhdn ciuprent (I) was discussed, you were 
totroduoed to resistance and how it was deter- 
.iplned in a series pirouit. Again^a flat state- 
iDenU The total resistance (Rj) in a series 
oirbult.iii equal to^he^ siun of the individual 
resistanoes. As an^quatlon, this could be writ- 
teiu Hj ■ HI + R2 + R3 . . .etc. What Is re- . 
slstanoe es^ctly? We have already defined it 
as that quantity in at^lrpuit that qpposes current 
flow. But aside. from ^"that, what is a resistance? 
A rWstance ' (nin be anything in a circuit th|it 
opposes ctir rent flow. vVhen you- plug in your 
t^e-lamp at home and turn it on, the lamp 
is the reeistance in the circuit. vVhenever you 
are using a soldering iron, the iron Is tti^ 
resistance in the circxiit. As we said previously, 
resistance may deliberately inearied Into • 
a circuit to accomplish a specific task for us, 
'or It may be the primary user of en^^gy in 
the circiiit, sbmetimeB referred to as 'tha cir- 
cuit LOAD. An example op this would be an 
electric typewriter. The ^rjpewrlter is the prime 
user of energy in the circuit and is the very 
reason for having that Jparticular flrcult to 
begin with. Therefor^, the typewriter would ^ 
Jpeferred to as ttj/ circuit load. It is the prime 
user and offet^s ih6 major resistance in the 
circuit. 



In Appendix 11 under the heading Mechanical 
And Electrical Symbols*', we have shown the 
schemaUc representation of a resistor. This 
schematic representation may indicate a natural 
resistance, such as those /mentioned above, 6r 
they may represent manh-made resistors <le- 
liberately Inseped into a circuit to help us^ 
accomplish the task that the circuit is designed 

LooH at figure 2-14. Here we have shown a 
series circuit with three lamps in series with 
each other. The lamps comprise the resistance 
of the circuit and^e obviotfsly meant to light 
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Figure 2-14. — Series circuit containing lamps. 

whenever current passes through them. \Ve could 
have 'expressed ttii^s circuit another way. Look 
at figure 2-15. This ci^Quit is th^ same as 
figure 2^14, the only differerice being that we 
have used the schematic representation of re- 
sistor^ In-lieu of tbd schematic representation 
of a lamp. 

Usually, when solving for resistance, we use 
the schematic symbol for a resistor to simplify 
things. Let's take an example of a series cir- 
cuit containing /resistance^ and find total resist- 
ance ^Rj), Figure 2-16 shows a source voltage 
of 40 velts and three resistor^ of 10 ohms, 
5 ohms, respectively. To find the total resist- 
ance, we need only add upthe individual resist-^ 
ances oi Rl + R2 + R3, or, 10 + 5 + 5 » 20 ohms. 

We can also find totals resistance (Rt) another 
way. If we knew total current (Ix), thou we 
could find total resistance by simply dividing 

current into voltage: ~ - K, or ^j-^^ 20 ohms. 

AH we need is ^wo of the circuit values, and 
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Figure 2-15. — Schematic represantaticn , cf a 
resistive circuit. ' • 



W8 can find the other? This is true of voltage, 
cUrrentt or resistance. 

* We can also compute the resistance qf only 
one resistor in a series circuit. Using figure 
2-17, we see the source of 30 volts and three 
resistors, Rl, R2, and R3, respectively. HI 
has a resistance of 5 ohms, as does R2. \Ve 
have given that total current (Ij) is 1 amp^ 
>Ve have NOT teen given the voltage drop across 
R3. Now, h9w would we go about findirig the 
voltage drop across R3? First, take it step-* 
^ by-step. We have given 'the resistance of R3 
(20 ohms), and we have given the current of 
1 amp in a series circuit. We can use the formula 
of E ^ I X R for individual components as well 
aft fir circiJiit totals. We know that, current 
is constant in a series KJircuit. That r^ans that 
iV-anip of current is f leaving through Rl, R2, 
and AR3. So to find the voltage drop across 
R3, we simply multiply current titnes resist- 
ance, or, I X R, and that will give us voltage, 
E. You will sometimes hearjthe voltage dropped 
across^ individual components referred to as an 
drop. This is naturally derived from the 
equation shown above, since we multiply I and 

RtogetE.' ^ K 4 

AS you can see, we may use' the basic equa- 
tion to feolve for voltage, current, or resistance 
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Figure 2-16. — Solving for i>esistance in a simple . 
series circuit. 

• 

values of individual compon3ut;p, such as resis- 
tors. YOU win find that this is done over and over 
again in solvingelectronic circuit values'. Usually, ^ 
any formula that we use [to solve circuits for 
total voltage or total currant or total resistance 
can be used to find the values of individual 
components as well. 

Now let's refer back to figure 2-17. Let's ^ 
assume that R3 has been given no valuer We ' 
know that tptal voltage (Ex) is. 30 voljts and that 
the resistance of Rl and R2 is 5 ohms iBipiece. , 
Hojv would we go about solving for the resist- 
ance fe)f R3? The answer is quite simple. The 
current, is 1 amp and , the total vbWageis 30 volts. 
First; we have to find the indlvldaal voltage 
drops of each resistance. T^ jeason for this 
is that we are going to have to find the resist- 
ance of an individual component, therefore, 
we need to have both E and I in order to solve 
for R. If we find tl^e voltage drops of Rl and 
R2, then we will know the voltage drop oil R3. 
By multiplying* the constant current of 1 amp 
times the resistances of each resistor, we can 
determine the yoltage drops across them. This 
is shown by multiplying 5 ohms times 1 amp, 
givinf us an answer of 5 tolts, or, I x R « E. 
Since both Rl and R2 are 5 ohm iresistors, 
then the .voltage drop across each^of them 
will be 5 volts. Now, remember our axiom: 
The total voltage of a series circuit is equal 
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; 236.59 
Figure 2-17. — Multiple calculations in a simple 



-series circuit. 



■J 

Idual V 



to the- sum of tbo individuaf voltage dropia around 
it. ^e know that the combined voltages of\EU 
and B2 equals 10 volts.' A^e also know that the 
total voltage is 30 volts. Therefore, if we sub- 
tract 10 voltb from 30 volts, then the voltage 
dlrop across R3 must be 20 volts.:Now we know 
the current and the voltage of R3. Ta find the 
resistance' of R3 now is a simple matter of 



Y , or, dividing 



applying^' the formula of R 

the current (I) of 1 amp into the voltage (E) 

20 " 

of 20 volts, ~j « 20 ohms. Tliat is the resis- 
tance of R3, 20 ohms. Remember, we solve for 
voltage, current* and resistance in components in 
the same manner as we d9 for the entire cir- 
cuit. The only difference, of coxirse. Is that we 
^ are solving for totAls when we are solving the 
entire circuit, whereas the values of individual 
copoponen^s "are for those components only. Re- 
member also that you must have two values in 
order to solvenfor the third. 

Powdr C^culation 

In a series circuit, each xesistance or re- 
sistor consumes power from tte source. The 
resistors dissipate this power m the form of 
HEAT. Therefore, if each resistor consumes 
power from the source, -.then it stands to reason 



tha^ we should be able to add the individual , 
rpower dr6ps~«rouad a* series circuit Just as 
we do volta^ drops and obtain the total powat, 
(Fx). e3q)on^d in thd oirouit.' And that is ex-. 
^cUy what wJ do. - . 

The formula for finding ix)wer is P |" I x E. . 
>Vbere P is power, I its ou^nt and E is voltV 
age. If )ve want to find powei^we simply multiply - 
current tinges v(>Itage. If we want to f^d current, , 
we simply divide jpltaga in^ powen or, r - / 

want to findVoltatt, we simply divide 

current into power, or, - 



f . If we 



as you can 

now see, there are other "ways to Mlve for cur- 
rent and voltage than the one we^liave bieeii'^ 
using thus farTTfemember, this formiila^ of 
P «» 'I X E is' constant and never changes. In 
view of this, we mtff now state the f a,ct; The 
total power in a series circuit, (Pt) * is aqual to , 
the sum of tBe individual power* drops around 
the circyttt. This can J^ll s^te^i PT > PI + 
P2 P3 .etc. ; *^ 

' '< . ' . 

Let's take a look at figure 2-18. Again, we 
have shown a series circuit containing a source 
and various re sistancesv The source voltage is 
100 volts.^ Rl has 15 ohms pi8istancCu'R2 
has 5 ohms of resistance, and Rd has 5 ohms 



R3 
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lOOV 
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Figure 2-18. — Solving for total power (Pj) In 
a simple series circuit. 
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, 'Of resistance. Solve the circuit foe, total {)6wd£ 

(Pt). </ . • ; 

Always solve a circuit step-by-step. First, 
take the formula» P « IxE. vVe know that in order 
to find total power, we must hate total voltage' 
^, (Efand totaL current (I). We have total voltage, 
which is 100 volts. NOW all we need is total 
current, find 'current all v/^ nee^ito Mas' J 

* di^de total resistance Into voltage, or, ^ , 

How do we.^ go about finding total resistance, 

Rrp? By ad(Mng the imiTvidual resistances around 

Jth3 series circuit, ^Ry « Rl + R2 + r3 . . .etc. 

or, in this particulfcr cllujuit, Rt * iS/Ohtift + 

^ & ohms +'5 ohnfs » 25 oruDS of total'resl stance 

in^ figure 2-18. Therefore, we can divide total 

resistance ihto total voltage and obtain total 

-^^ . , E . T 100 volts ' 

current, or, ^ - ^. Therefore, ^ , 

and I 4 ^amps. Now that we have found total 
curj^ent of 4 amps, ,we can find total power. 
The po\vd^ formula is P = 1 x E. We hayfe 
total voltage* of 100 volts, and total currei><r^f 
4 amps, * therefore, P = i'X E, or, P = 100 x 4, 
and*P « 400 watts. 

■ • ■ - ^ ^ ■ ' ■ 

'Just afr we did with, voltage, ^e can do with 

power. .Th^t ^simply means that we can use the 

p<^er formula for individual components as well 

^ a^ for finding total values. For eafcainple, if 

you know the voltage drop agross a resistor 

and the current flowing through it, then you 

can find the power expended by it. The on^y 

difference between the two is that you must have 

total values to find circuit totals; whereas, 

with individual components it is only the values 

of current or voltage or resistemce for that 

component. This is a common error made by even 

experienced^, personnel. That is the reason for 

" ensuring a step-by-step procedure w^ien solving 

for circuit values. 



Rules-For Series Circuits 



Tjius • far, we Jiave talked about the basic 
values co.tij^uted in series circuits. Often, it is 
difficult to remember basic guidelines, and this 
will become more apparent after we have covered 
a.c. theory. But a.c. as well as in d.c. there 
are certain rules that may aid us in understand- 
ing and solving electronic circuits. We will 
cover rules governing a.c. at the end of that 
section in this chapter, but we may now take 
certain facts covered thus far dealing with d.c. 



qircults ' and consider them rules. These rules 



are: 



1 



1. Current is constant in a series circuit.' 
The same current flows through all fiarts^pf a 
series circuit. _ \ , 

2. The total resistance of a series cir^^t is 
equal toHhe ^unv- of the individual resiKances. 

3> The total voltage Irv a series cln^ult is 
equal to the sum of the individual voUage 

4. The ^Voltage drop across a resistor in 
a series circuit is proportional tcr the electrical 
size of the resistor. - 

5. The total po^ver dissipated or dropped in 

a series circuit is ,eflual to the sum 6f the * 
individual power dissipations, or drops. * - 

COMMONLY USED i ' . 

ELECTRONIC TERltiS 

Reference Points V 

A REIIERENCE POINT is a*chofeen pOinf ' 
In an electronic circuit to which all other^ijoints 
in that electronic circuit are compare^ Look 
at figure 2-19. We have shown a simple series 
circuit with thjfee resistances in series. *^ach 
resistor is of equ^ value, therefore the ^in- 
dividual'voltage drops across each one areequal. 
Tliii source voltaAe is 30 volts, the arrow iiidi- 
cates the dlreptilpn of current^^d WB have » 
IQ volts dropped across each resistor. * ' 

Normally, in electrtjnic circuits, the 
reference-point used, l^^ GROUND.. Ground is 
normally what everything is referenced to. In 
figure "2-1,9, pointy **A** is going tp be the^refer- 
ence point, arid for tl}ei sake of realismr!^e will 
assign it a potential,, of *2ero volts. lEhls'^i^ 
bBcaase ground is normally zero volts. 

Everything that we measure in this circuit 
will be in reference to point **A". If we were 
to mr^asure from point A to point B, we would , 
find that point B is JO .volts .more positive 
than point A. If we were to measure between 
point A and point we would find that point 
C is 20 volts moi?e positive than point A. If . 
we measured between point A an^ point D, we 
would find that point D is 30 volts more positive • 
than point A. We could go'on ahd on with other 
resistive valuas, and we could even change our 
reference point, but by* now you cdn see the 
usage of a reference point. 
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b + 30V 
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• E3=10V 



C + 20V 



R2 



J 



■ # ^ 

E2 = lOV' 



B+lOV 



points, in' the. circuit* We will cover these pro- 
^cc)^ure« in greater detail in the chapter eptttt^: 
"Basic Test Equipment". , ^ 

In figure 2-20» wd have shown essential^ 
the same material shown in figure 2-19? Thif 
values arQ the same » but we h4ve added the 
designation for * Aground'* under point A. Thiis^ 
'is the symbol used in schematics and means 
tha same thing at all times: ZERO POTENTIAL, 



'Op3n Circuit 

A circuit is said to be OPEN when a break 
occurs in a complete -conducting path. We open" 
a circuit Whenever wo throw a switch that 
de-energizes a ' circuit. < However » an open may 
happen accidentally due to some abnormal con- 
dition* Normally, to' restore a circuit to proper 



riSei=iov 
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" / • \ ^ ' 236.73 ^ 

Figure 2-19.^ Reference points in* a series 
• circuit. ^ 



' Ground . 

As we mentioned in the previous topic, ground 
is norinally the r^rer^ point in electronic ^ 
circuits. Since the^arljlSis s^id to bs at a zero 30 V 
potential, the te rm round is used todenote a com- % 
mon Electrical poinP of zero ^potential. In. most 
equipments, the metal chassis is normally the 

. coairoon ground iof^ tb^ circuits contained inside 
the equipment. > / * ' 

There are many ' banef its to the method of 

'^using g;roimd: It contributeQ to econoirfy, sim- 
plifies schematics, and 'miEikes U ejgisi^r to make 
measurements. Most circuits have common points 
at ze^Q potential apd are connected directly to 

-the mdtal chassis of the equipme?ftt* thereby 
eliminating long connections when measurements 

iBtre made. 

Most voltage measaremea^s used to check 
proper circuit operation in electronic equipments ^ 
are taken with refSp^ct to ground. This is nor- :^ 
mally done with one meter lead attached to ground Figure 2-20. 
and th^ other* lead is used to check various test 
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■Ground. symKol in an electricful 
circuit. ^ 
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opetiitlon reitev an ope|j*0(x;ur^, the op-an must 
be found flmd the cause detersnined. 

Determining the cause 6{ an open clrcutt rosy 

' , be very pimple, or it may be quite complex. 
Sometimes a? open mny be 'located visually by 
inspecting the circuit components thoroughly* 
Ddfectivd cpmponents, such lite burned out resis- 
^tor8» capacitors, fuses, «tcw»^ can usually, be 
discovered via this methCKl. Other opens, such 
as a break in a wire that is covered with in- 
sulation, are not visible to the eye. In ^that 
event, proper knowledge and usage of the ap- 

. plicable tesT procedures and ^equipments is 
necessary. / ' ' 

In figure 2-21, the series circuit consists of 
a fuse, two resistors, and tlie \source voltage. 
Look at the ciVcuit values of currfent and.volt^ige 
in<the **normal circuit'*. Now notice tha effects 

^L^tha opm fuse in the J*open circuit". Notice 
^j^hat current ceases to flow; therefore, there is 
no longer a voltage drop across the resistors, 

- Each end of the open conducting path jbeconr^s 
an extension of the battery terminals, and n^e* 
voltage measured across the. open equals l^e 

. source voltage. , 
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Figure 2-21. — Normal circuit and open circuit. 



Short Circuit . » 

A' ' \ / 

A A SHORT CIRCUIT is aa'^ accidental path; 
of lONy resistance which allows an abnormally, 
large amount of current to flow. A short existii 
whenever the resistance of the circuit or the 
cesistance of a part of a circuit drops in value 
to almost zero o^s.'^V short may odour as a 
result of impropernwiiring, broken insulatito, 
pieces of shavingsJ^M jwires touching between 
a component ^and^ gTOTind, or ajw niimbar of 
things that would be much too lenguny-to mention 
here, ' ^ i 

Something that has not been mentioned yet 
is that current always seeks a path of least 
resistance. Just what is meant by tbis? Look 
at fig^are 2-22. In the upper part of the figijf e, 
annotated ''Normal Current", we havja sl^wn 
the circuit in .its normal state. Current flows 
from the battery source, through R2, through 
Rl and back to the source. Now, in the bottom 
part of the figure, annotated **Abnormal Current", 
wd have simply taken a wire sind connected it 
into the circuit at dither end of Rl., Current 
flowing out of R2 will take the ^path through t^e 
wire instead of through Rl beca\Ise of the lesser 
resistance offered 'jy it. In effect, we -have ' 
'*shorted" the current around the resistor. Now 
let's analyze tl^e effects of this action on the' 
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i;igure 2-22. — Short circuit conditions. 
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vVhat wiB have done'Sfir 'sim\ilate a short 
cft^cuit. Whun a coixcDbeinV^orts out, in the 
inwmer which we^ have '^faowh Hferer, the overall 
resl^auce of ^tha circuit i^ lessened. In other 
3Wde*' instead o! the 10,010 ohms of^resistcmce 
shown in the **normal current" schematic- of 
figure 2-22, we have effectively reduced the \ 
, circuit reslstarioe to approximately 10 ohms, 
shown iji^the abnormal current'^ siehematic of 
figure 2-»22. What will happen when'w3 h^isre a 
sl^vere reduction in circuit ^resistance ? CutVent ' 
increases because it no longpr **seeQ^\ th^ 
resistance opposing it thaU was p.^esent- before 
the shorf occurred. The sudden surge of current 
through the s^naller resistor of 10 oh^ns will 
cause such a ' lrise in heat'.ifi it, that it will 
**burh-up'\ or effecti.vely be destroyed. This 
is the real danger to equipment whenever shorts , 
occur. The sudden increase in €^rent will 
fi^strpy or damage many components and reqder 
the ecpiipment tisejess. This is the /reason thftt 
. we have J'USES in? equipments. If shorts occur, 
^ th^^fncrease in ^rrent \yill burn out the fuse, 
thereby openii^ the Vcii'cuit, and bufrent will 
ceMe to flQwi "This protects the e^oipent and 
gi^s us a cnaiice to find the problenfaml correct/ 
it without dam^tging many majors component*. 

i I 

Source Resistance - j> 

SOURCE RESISTANCeJIs the internal resist- 
ance of the voltage source, Foi; example, when- 
ever WjB ^se a battery as the voltage source 
in a circuit, the battery itself offers some^e-^ 
sistance to current flow. Take 'a look at figure 
2-23. We have shown another sitn^e seri^ 
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Etepresentatiori of source re- 
sistance. 



circuit. The voltage source is a battery and Ce- 
rent flow^ Jrom the battery, through Rf; back 
to the positive termined'^of the battery, and 
through the battery, (fropn the positive terminal' 
to the negative terminal), and back out into the 
cirjoit.* When the cjijrrent flows through, the 
source, there is sojne resistance offered it^ by 
.'the. inside of the battery itself, through it^ elec- 
trolyte. It j^tands to Veasbn that this resistance • 
can be measured and does, affect the total re- 
sistance of a circuit. The resistance, which we 
^ave shown by drawing a ^resistor parallel to the 
battery, is usually very femall and does not have 
a large effect upon circuit current,- but it does 
affect It somewhat. This is what Is known as 
source resistance. . . T 

PARALLEL D.C. CIRCUITS 

So%i6x, -we have concerned ourselves entirely 
wifh seriefr circuits. An understanding of s*ies 
bircuits isl of course, essentisiltr You will find 
that most of the elrotronic equipments that, 
you' come iifto contact with do contain series 
circuits. You will also find that ^ost. of the 
electronic equipments that you wm ^oni^intg 
contact with contain more parallel; circuits 'than 
series circuits. Now that you basidally understand 
what a serie^ circuit is and how we solve for 
the^^ore basic values of^current, voltage,* and 
rSsi stance, \fre cAn move on 'toVparall61 circuits. 
Solving for basij??' values In a paraliel circuit is 
not necessarily haryderNthan a series circuit, 
merely different. J1ist as\we Had basic rul^r^ to 
abide by in series circul^s^we^have them in 
pai^aflel cir<Saiits as well, and it requires only 
thflct we know and use them. First, let's'^define 
a parallel clrcui^ A PARALLEL diRCUlT is 
defined as a circiiiV having more than one current 
path connected to a common voltage source. Fig- 
ure 2-24 is an 'example* of a^parallel circuit. 
We have shown here a battery voltage source,, 
two resistors in parallel (Rl and R2), and two 
.paths for current to flow which are sliown by 
Uie^r'ows jpath 1 and.path 2). 

' . *^ 

Voltage Calculation 

In a^ieries circuit, voltage divided proper-^ 
tionatQl/ across each resistor. a parallel 
circuit, however, voltage, is the feame across 
all resistors of a p'arallel group. Voltagp is 
probably the easiest value te obtain in a parallel 
circiiit. yi figure 2-25* we show* a voltage source ' 
and two parallel legs containing Rl and R2, 
resltecUvel]^. \\ is io parallel with R2 and both 
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Figure ?- 24. — Basic parallel circuit. Figure 2-26. — Finding sburcejKrttage in aparal- 

V • lei circuit. i 





236.83 l 

( Figure 2-25. — Source voltage' impressed across 



parallel resistances. 



are in parallel with the: source of ^0 volts. 
. In this particular situation, as they are all 
paridlel to* each other, the voUage-drop im- 
pr^^sed across each resistor would equal source 
ycmge» Therefore, we would have 20 volts 
iropresBedf across Rl and R2. , 

Nfw^.hpw can this knowledge of constant volt- 
age kelp ji^? Let's take another example. In 
figur^ 2-2&, we have a simple parallel circuit.. 
We have a source, three resistors , in parallidli 
and the value of^ current i)l one leg. We have 
aaaigned R2 the value of 20 ohms of resistance 
and' Bhow currefit in that parallel leg to be 
2 apps. Wd do not know what t^e source. voltage 
is. But w6 do :know what thecurr^nt*andresist- 
anQei are ip the second parallel leg; so we can 
find tl^ Voltage drop across R2. By using the 
fprroula of E » I x R, can find Jfce voltage 



flopped across R2» Remember that we can use 



any or ^vne formulas for indlviohial components 
as well as for total values in a circuit. So 
4et*iBr take the current of 2|^ amps land multiply 
by the resistanc(& of 20 ohms; iir R2 (E "'I xjl). 
Of' course, 'ti^ls^ is equal ,to .;40 volts (20 x 2). 
Kow^that yf^ know, tfie^-volt^lge^ drop across •B:2, 
wcTknOw the drops acroseT' Rib and R3» and what 
the source Toltage is., Why? Because voltage 
is |(?Oitstant in a parallel circuit.^ ALU of the 
voltciges sWill be 40\volts. So, as you can^see, 
if you can find the voltage acros^ any, one leg 
ot* resistor in a- parallel circuiti ^-you lo^ow the 
source voltage/as well as the volt&ge. impressed 
across all p^^'all^ branches. 

■ ' * ■, I 

Current Calculatlfen ^ . 

As you ^ know, current in a fiircuit is in- 
versely proportional to resistance. The tdgher the 
rdsisteince, the less the current. The lower the 
resistance, the . higher' the -Current. This never 
changes, regardless of the type of circuit. This 
is just as true bf pazlallel circuits as it was of 
series circuits. However, there is a slight 
difference in the way curlVnt is ct)mputed in 
a parallel circuit' as compared to a series cir- 
ca^t. ^ V > 

In a series circuit, the current was constant 
in that it was the sam^ throughout. However, 
in a pai'allel circuit, purrent divides among the 
£tarall^ paths in relation to the value of the 
resisteCnce (or feisisto'rs) in each leg^in figur^e 
2-27, we have yfifiown a parallel cir^iit wjth a 
source of 50 j/olts, two parallel' legs consisH'ng 
of Rl and ^ R2, and a total- current of 10 amps, 
can determine the^amount Of current^owing 
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through each resistor by using the formula, I = 

^ ~. We cam uso . the source voltage to solve 

for each leg. Voltage Is constant^^ Therefore, 

for Rl. Ik- Xu^^^ * 5 flumps qf curreht flowing 
lU Unms ; 

through Rl. We can use the same formula to solve 

for tha^ current flowing through R2. As you can 

BfiOi ti^ values of Rl and R2 are the same, 

\ do the. .Q,^ floylng through each wlll.be 

■ toe same: US amps. The total current in this clr- 

is IQ amps. Total current Is always equal 

4to the sum of the individual currents of the 

1^- |)arallel legs in a parallel circuit. 

' Let's take oae more look at figure 2-27 
land trace current around the circuit. The total 
'current of id amperes leaves the negative ter- 
' minal of the battery and flows toward point **A**. 

i / Point A is a connecting point for the two resis- 
-r| tors and Is called a JUNCTION, At -Junction A, 

i the total current divides into two smaller cur- 
j:eats of 5 imps each. (Bear in mind at this 
point that the. two currents are /aqaal ONLY 
because the resistance of the two legs are 
equal. If the resistors of the. two legs were 
of different ohmlc values, the current woald have 
divided accordingly with more current flowing 
through the lower value resistance and less 
current flowing through the higher value re- 
sistance.) These two currents flow through their 

' respective resistors and are rejoined at junction 
B. The total current of 10 amps then" flows 
from junction B back to the positive terminal 
of the battery. Thus, the battery supplied a 
total current of 10 amperes, and each of the 
two equal resistors carried hall 6f the total 
current. 




Let's try it again using a different circuit. 
.Take a' look at figure 2-28. Here, we have a 
parallel circuit with three legs instead of two. 
Don't let this confuse ydu. Solving for three 
legs is as easy as solving for two, legs. Solving 
for four or five legs would be just as easy. 
Remember the basic laws: virfttage is constant, 
and current dlvidesproportionately.Inthlsflgurei 
we have not giVen the source voltage or the 
total current. We have Rl of 5 ohms, R2 of 15 
ohms, and R3 of .30 ohms of. resistance. GxVen 
is the 'Curj^ent through ^R2, the second leg (2 
cunps). In order to find the voltage drop across 
eacli resistor, or the total vo?,tage, all we have 
to dp is to find it across any one resistor. In 
our second leg, containing R2, we know that the 
current is 2 amps and the resistance is 15 ohms. 
We have two of the necessary values, so -we 
may now solve for voltage across it by applying 
the formula: E = I x R. By multiplying the cur- 
rent times tha resistance, we can solve for the 
voltage drop across R2. Tharefore, we would 
multiply 15 ohms x 2 amps = 30 volts. 

Now that we know the voltage drop across 
R2, we know the voltage drop across Rl and 
R3 and the source, since they are all in paralliBl 
with each other. They are all 30 volts. We maj^ 
now solve for ^the individual currents in eacfi 
leg by dividing the resistance of each leg into 

E 



the voltage dropped across it, or I 



R 



In the 
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Figure 2-27. — Current in a parallel circuit. 



. . * T., *u * 1^ K .30 Volts 

leg containing Ri, ths current would be-g Qj^^g = 

6 amps. In the leg containing R3, ths current 

would be 1^ y?^^^ = 1 amp. Therefore, the total 

^ oO Ohms 

current would bp the sum of all the individual 
legs, or, 6A + lA = 9 amps total curreht. 

Let's trace the current around the circuit 
again. The tot^ current of 9 amperes leaves 
the negative terminal of the battery and flows 
toward junction A, At junctlon^A, 6 amps flow 
through Rl and the remaining 3 amps floW toward 
junction B, At junction B, 2 amps flow through 
R2 and the remaining 1 amp flows through R3. 
At ju lotion C, the currents flowing from the 
two parallel legs containing R2 and R3 combine 
into 3 amperes and flow toward junction D, At 
juactlon D the 3 amps flowing from junction 
C combine with the 6 amporas flOA^ing from the 
leg containing Rl, and the total xjurrent of 9 
amps flows tJack to the positive terminal of the 
battery. 
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Figure 2-28. — Ci/r rent division in a parallel 



circuit (3 legs). 



Resistance Calculation 



2A 



5V 



lA 



lA 



Figure 2 
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-Two .parallel resistors of equal 
value. 



Probably, ono of the. hardest things to under- 
stand for most people is calculating parallel 
resistances. In actuality, it really isn't hard. 
One of the common mistakes made by most is 
that they do no^^ take it oiia stejj^at a time when 
solving for parallel resistances." We will learn 
several methods for solving parcL&el resistances. 
>^Each method is relatively simple akid totally ac- 
curate. / 

First of all, let's take a simple parallel 
circuit .containing two resistors in-paxallel, as 
shown in figure 2-29. We have §hown a 5 volt 
sourqe with a total current erf 2' amps flowing 
through two resistors. Each resistor is drawing 
1 ampare of current. Common sense could proba- 
bly tell you that if each resistor is drawing the 
^ame amoimt di current, then the two resistors., 
must both be of the same ohmic vAue. But 
not only must we be able to mentally compute 
this; we niiust also be able to show why. So 
let's continue. 

Since ,we know tM^ voltage and total cur- 
rent, it is a simple matter to find total re- 



sistance with 
formula 



the formula R 
or, Rj 



R „5. volts 
°2 amps 



« y- . Using that 

2.5 ohms. Also, 

since we know the voltage across each resistor 
(5 volts), we can find the resistance of each 
resistor by dividing the voltage dropped across 
each leg by the current flowing through ea6h leg. 

In this case, we use the formula: y » or, 

5 volts ^ • 

R * y » 5 ohms, the resistance for Rl 

The same would be trua^of R2 since they~B6th 



have the same amount of current flowing through 
them. 

We could hfeive found total resistance in 
another ^way. We could have divided the ohmic 
value of. one resistorcby the number of resistors. 
To. explain, anytime that the resistors in 
parallel circuit si^e of equal value, you need only 
divide the number of resistori^ into tixe -value/ 
of one of them. This will give you . the total 
resistance of the circuit, but ONLY when tte 
resistors are of equal value* Referring' back to 
fljzure 2-29,' once we determined that, the re- 
rauors were of equal value, we could have 
taSen the number of resistors (two), and divided 
that number into the ohmic value of either Rl 



'or Rt Example: -| 



2.5 ohms 
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2 (no. of resistors) 
total resistance. It Would not have mattered if 
we had 2, 3, 4, or more legs in the circuit. 
If tjhey were of equal resistances, the method 
could still be the same. Therefore, we cOuld 
maJce a formula from t^s that would apply 
whenever parallel legs are of eq^al value: 



wherd^ ' 

Req = equivalent parallel resistance 
R = ohmic value of one resistor 
N = number of resistors 

The term EQUIVAlSKT RESISTANCE is a 
term used in determining parallel resistance. 
This \v^rd is used due to the fact that we do 

/f • 
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Hot obtain total resi'^stance in parallel circuits 
1^ addihg up tb3^ individual resistances as we 
did in' aeries circuits. We speak of the resist- 
ance in a parallel circuit as the overall resis- 

^ tive effect of all resistances. TMs should not 
be confused with **avetage'' resistance because 
we don't take the avenige of all resistances 
shown in a parallel circuit. The example shown 
in figure 2-29 4s uniiEpie in thiit the red stances 
were ecjualj but that i^ the exception, not the 
tvife. Nbrnially* of course, th& resistances in a 
parallal circuit are of different valxies. There- 
fore», yrs/ solve for the equivalent resistance. 
Perhaps a simpler way of siptying this would be 
to 0tty» * 'take all of the resistances shown in a 

' parallel circuit and combine them into ONE re- 
sistor that woulb show the overall resistive 

^fitect of all of them." This, therefore, would 
give Cis the equivalent resistance of the dircuit. 

■ ■ • \ / 

, . Another method of solving for tbe Equivalent" 
Resistance of two resistors in parallel is via the 

followlpg formula: ^ ^ " method 

is called the ''product over the Sum ''.Remember, 
this formula should be used for two resistors 
in parallel, only. sing figure 2-30 as an ex- 
an^ple, we have a ' parallel circuit showing 30 
volts source, 15 amps current, and twp resistors 
of 3 ohms and 6 ohms each. In this particular 
example, Toecause we have only two resistors. 



we may ,^ u^e 
above: 



the 



formula ^mentioned 
Rl 3t R2 



30V~ 




r : ^ 236.91 
Figure 2-30.— '*Product-over-suni" method for 
calculating two parallel resistances. 

So ikvt you have learned j howt to compute 
parallel resistances that are eoual in each branch, ^ 
and 'two parallel branches of oiiequal value. One ^ 
mote method remains to be covered and this 
is the most commonly acceptedrnfethodfor^solving 
parallel resistances of more than two legs that are'V 
of unequal values. This method is called the 
RECIPROCAL method: It is probably the most ^ 
confusing of the ones that we've covered so 
far, but it is no problem when taken step-by- 
step. The formula is. 



T Rl + R2 



Rl R2 ^ R3 ^ R4 



therefore: 



Rt* " 



3 x>6 



T " 3 4;^ 

therefore: 

Rj = "9 
and: 



Let's take an example and solve it step-by- 

step. Look at figure 2-31. We have three parallel 

legs of resistance containing 20, 30, and 40 

ohms .respectively. So as to be less confusing, 

we will use the term **Req" (equivalent resist** , 

ahce) in the place of Rj.Now, let's select the 

proper equation for. solving this "circuit. That 

would be: , * 

1 

Req = ; ^ — 1 

^ N -J: -1 . ^ . 

^ ^ Rl R2 R? . 



R2 



Rj 



2 ohms 



• As you can see, tWs is a ypry simple method 
of solving for parallel resistance whenever you 
have only two resistances. 



Dbn't be confused by the supposed corhplexlty 
of the equation. By placing sill of the values 
under *'l'*, we are simply saying that once* 
we get our answer with a lowest common de- 
nominator, we must find the reciprocal. 



EKLC 
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Dividing the denominators into their numberators 
of 

^ 0.050 + 0.033 + 0.025 



Adding them up: 



Dividing 0.108 into 1: 




236.92 

Figure 2-31. — Solving for Rj by reciprocal'! 
method.^ 



Substituting values: Req = 



-1 J. 

' 20 30 40 

Now, in order to ad(J fractions, we must find 
a common denominator for them. By that we 
mean, which number (lowest number)\ will all 
tiff t)ie dengminators (ohmie values)* divide into 
yevenly. In this particular case, the number is 
120. So, using the lowest common denominator: 



Req = 



120 120 120 



13 
120 



The 
vert 



120 



oyer 



13 
120 



tells UB that we must in- 



. So, inverting: 



Req = ^ = 9.23 ohms 

SoiDetimes, there is no , lowest common de- 
ji^^inator, and. we cnust solve for Req via long 
hknd. By 'Uong hand'' we mean that we must divide 
the equation out. To e^qplain this, let's take 
the same circuit (figure 2-31) and do it via 
longhand: 



Req 



Rl R2 R3 



Substitute: 



Req = 



20 '30 40 



Req = 9.23 ohms 

T'lis, of course, is more lengthy than finding 
the **lowest common denominator", but it may* 
be used whenever no LCD is available. 



Parallel Circuit«rReduction 



One of the things that you should try to do 
.whenever you're solving parallel olrcuitB is 
to try to simplify the circuit by condensing it 
down into a circuit that is easier to understand 
and solve. We can do that by .'^reducing" the 
parallel circuit to a series circuit wherever 
possible. Look at figure 2-32. What We have 
done is reduce a two-leg parallel circuit into 

ORIGINAL CIRCUIT 



i: 



— Ebb ' 

— 2on< 



I 



R2 

3on< 



(A) 

EQUIVALENT CIRCUIT 



I 



bb 



R 



eq_ 



. (B) 
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Figure 2-32. — Parallel circuit reduction. 
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a simpler, easier to understand, series circuit. 
We took the two legs of resistances, at 20 and 
3t) ohms respectively, and Solved them for their 
equivalent resistance. Then we made*rone leg out 
of that, equal to the equivalent resistance of 
12 ohma. (A) shows the orl^jinalclrcuitf^B) shows 
the equivalent, or **i:e-drawn" circuit after com- 
puting the two parallel resistances. This is a very 
useful method to use for large series-parallel 
circuits with many paths for current to flow. By 
iieducing ^ number of legs into as many series 
paths as Jpossible, we can eliiDinate confusion 
and possible chances for e^ror. 

Power Calculation 

' To calculate power In a parallel circuit Is 
the same as for a series clrouit.- V/e simply 
find the total power expended in the individual 
legs, and add them /up. The formula for that 
ag8dn, is: L 

Pj = PI + P2 + P3. . . . 

As in a series, circuit, we may find the power 
expended across one resistor or the power ex- 
^ pended In the entire ^.circuit with the formula: 
P = I X E. ^ 

Rules For Parallel%^ 
Circuits 

The following rules apply for parallel cir- 
cuits. Remember them and apply them whenever 
solving for pfiirallel circuit values: 

1,. The same voltage exists across each bra^ 
of a parallel circuit and is equal to the soui 
voltage. 

2. The current through a branch of a parallel 
network is invej^^sely proportional to the amount 
of resistance of th^ branch. 

3. The^total current of a parallerclrcuit is 
equial to the sum of the currents of the Individual 
branches of the circuit. 

4. The total reslstajice of a parallel circuit 
is equal to !the reciprocal of the sum of the re- 
clprocals of the individual resistances of the 
circuit. 

5» Tha total power consumed in a parallel 
circuit 'Is equal to the sum. of the power con- 
sumptions of the individual resistances. 

6. The equivalent resistance of a parallel 
circuit will always be less than the small it 
parallel branch, J^ut only when all^ branches are 
parallel. 



SERIES-PARALLEL 
COMBINATIONS 

So far, we have discussed series circuits 
and parallel circuits. We have treated each one 
separately anfl learned the rules for solving cir- 
cuit values of both kinds. However, as a techni- 
cian making detailed circuit checks or as an^ 
operator making front panel adjustments, you - 
will seldom, if ever, find a circuit that consists 
wholly of either type. Almost all circuits consist 
of series and parallel combinations. In solving 
series-parallel combinations, you need only apply 
the basic rules for both and proceed step-by- 
step. We will refer to these series-parallel 
combinations as COMBINATION CIRCUITS. 



Solving a Combination 
Circuit ^ . * 

At least three resistors are required to form 
a combination circuit. In figure 2-33, we have 
shown a simple seriesT-parallel circuit. The 
source is ?0 volts, and the path for current 
flow is through Rl to junction b, the current 
divides at junction b and flows proportionately 
through resistors R2 and R3 of th%i*i parallel 
branch. The • current joins at junction c and 
flows back to the source. 

The easiest way to solve combination cir- 
cuits is to solve parallel branches for total re- 
sistance (Rt) and re-draw the circuit in series, 
if possible. Let's do that with figure 2-33. In 
(A) of figure 2-33, we have the original circuit, 
nd In (B) wa have the re-drawn circuit, thereby 
^^aking it easier to solve. In re-drawing it, we 
ade a series circuit. W^ took R2 and R3, 
and sohred for the equivalent re si stance Use 
th^ product over the sum method for two parallel 
resistors as follows: 



Req 



Rl X R2 
Rl + R2 



R2 X R3 



Therefore: Req = ^ 



(irojn figure 2-33) 



3x6 



Therefore: Keq = ^ 



— ^ = 2 ohms. 



After finding the equivalent resistance of R2 
and R3, we can simply draw a 2 ohm resistor 



38 



Chapter 2 — BASIC ELECTRICITY 




.Rl IN SERIES WITH PARALLEL 
COMBINAJUON OF R2 AND R3 

./ (A) 



Rl 

■A/W 



R2 

AAA^ 

2n 



In figure 2-34, we haVe shown basically a 
parallel circuit, but, it is a cotiibi^nation cir- 
cuit in that it has one leg^with two resistances 
in series (R2 and R3). Again, the job is easier 
if we reduce the number of components that we 
have to solve' for, thereby making the circuit 
less confusijag. The easiest V&y to do thig is 
to try to^ iSiake one resistor out of R2 and r3 
fuid solve for a parallel circuit, or, we oan 
make one resistor out of the entire parallel 
combination of Rl, R2, and R3« Let's do both. 
First, let's combine R2 aint*^6-and solve the 
circuit for Rj in parallel. 

' The leg containing R2 and R3 can be easily 
reduced using the law of resistances in series 
circuits since R2 and R3 are in series with 
each .other and in parallel wi'th Rl. Since R2 
and k3 are in series with each other, we can 



I— 

' 20V 



mwm 



[ 

/ 



Figure- 



RE-ORAWN CIRCUIT 
(B) 

236.96 

2- 33.— Re-drawing and simplifying a 
parallel circuit. 



ii;i series with Rl and essentially have tbp same 
circuit, as is shown ||||^igure 2-33 (B). This 
method is easi^^Jjpscaule it makes total re- 
sistance easier^^P^olve for* In a series circuit, 
Rx " Rl + r5 + R3. . .etc. Therefore, Rj 
would )b6 4 q^s in the circuit shown in figure 
2-33. founb that )iy adding up the resistances 
in sertes In figure 2-33 (B); Rl +R2 = 2 + 2 = 
4 phms. Making a series circuit also makes 
current easier to solve for because current is 
constant in a series circuy^. In a parallel cir- 
cuit of course, current ^ffivides and is harder 
to solve for. Essentially*, what you're doing by 
re-drawing a series-parallel circuit is simplify- 
ing it by reducinjg it to fewer components, thereby 
making: it less c tt ift ising and easier to solve. 
There lie no formula for doing this with com- 
bination circuits, only that you apply the laws 
and rules ^ ^now for series and parallel 
circuits. 



2n 
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Rl IN PARALLEL WITH THE SERIES 
COMBINATION OF R2 ai^R3 



(A) 



R2 ^ 

A/W 



Rl 

en 
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RE-DRAWN CIRCUIT 
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Figure 2-34. — Parallel cijrcuit re-drawn and 
simplified. 
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combine them additively; R2 +' r3 = 2 + 10 = 
12 ohms. So we can now draw one resistor pi 
12 ohms in parall^with Rl. This is showayi 
figure 2- 34(B) ,^ whWre Rl = 6 ohms and ^ = 
12 ohms^ Once again, we have two resistors 
in parallel and can use thb product ovef the 

sum method: . Req \ ^ 

^ \ R^ + R2 . 

6 X 1 2* 72 
Therefore: Req = ^ 18 ^ ^ ohms 

Actually, by solving the parallel circuit, we have 
now solved the second problem . Si nee R^ = 
4 ohms, we could essentially draw one resistor 
of 4 ohms in place of Rl, R2, and R3 in figure 
2- 34(A) and Rl and in fig4re 2-34(B), 
Remember that by re-drawing combination cir- 
cuits, you make it easier to find total values. 
If you have to find the values of individual 
components in the legs of the circuits, then 
you must use all' of the rules and laws for series ■ 
and parallel circuits that you have learned thus , 
far. For a detailed descriptipn of individual 
component solving for series-parallel circuits, 
consult BASIC ELECTRICITY, NAVEDTI^X 10086 
series. 



INTRODUCTION TO ALTERNATING 
CURRENT (A.C.) 

In the study of d.c, we found that current 
flowed in only one direction. Certainly d.o. 
has rftany applications in the n)any c^nluni- 
cations equipments that we use. HoweveJr, in 
the overall picture of things, d.c, has imany 
disadvantage which are apparent. In a d.c. 
system the supply ' voltage must be generated 
at the level required by the l^ad. For example, 
to operate a 120-volt lamp, the generator, or 
source, must deliver 240 volts. An 80-volt lamp 
could not be operated from this generator, or 
source, by any convenient n)eans,' We could 
probably place a resistor in series with the 
lamp to drop the appropriate amount of voltage, 
but the resistor would consume a lar^e ^ amount 
of power, thereby eliminating the efficiency de- 
sired in the operation of electronic circuits. 

Another disadvantage of d.c, systenis is the 
large amount of power lost due to the resist- 
ance of the transn)issiort wires used to carry 
current from the generating station, or source, 
to the loads. We could .probably eliminate this 
by operating the transmission lines at higher 
voltages and lower currents, thereby getting 



' less line-loss due to the higher currents. How- 
ever, this would mean that the loade would all 
have to operate at a very high voltagfe value 
also, again, an undesirable ^characteristic. 

We could go on ahd on discussing the 
ficulties of using d.c.xin achieving circuit op- 
erations in the v^ious equipments, but suffice 
to say that we don't. Practically all modem' 
pow^r distributidn ' systems, both civilian and^ 
those on-board ship, use a type of current 
known as ALTERNATING CURRENT. Abbrevi- 
ated a.c, alternating current flows first in one 
direction then reverses and flows in the opposite 
directioiif. Unlike d.c, a.Q. has the' ability to be 
''STEPPED-UP'' or ** E PP ED-DOWN y^, thus 
permittfng transmission lines to be operated 
at a high ^oltage and low current, fqr maxi- 
mum efficiency by **steppin^up'' ^e ijiput, and 
at the user end it can be **stepped-down'' again. 
Because of its inherent arfv.antages and versa- 
tility, a.c. has replaced d.c. in most power 
distribution systems, sucfi as commercial and 
shif)board systems. This power normally comes 
to all of us via "the sockets that we plug our 
pcr^t cords into, both in our homes and in our 
work centers aboard ship. This power, usually 
from the ship's power plant, does no more than 

' supply the initial power to operate our equip- 
ments. After we have supplied basic operating 
power from the ship's plant, the internal power 
supplied of the equipments furnish the various 
voltage and current supplies that are necessary 
for equipment operation. However, most of these 
internal power supplies are a.c. power supplies. 
The initial input is normally a.c. in communi- 
cation equipments and, if need be, we can conrs 
vert a.c. back into d.c, for proper operation, 
o^ components contained in the equipments. Now, 
let's go^nto some oiSthe terminology associated 
with a.c. and basically how we create a.c. 
currents and voltage^ 

BASIC A.C, GENERATOR 

There are mahV ways to create an a.c. cur- 
rent or j/oltage, but for simplicity's sake we will 
oaly consider the one easiest to understand and 
probably mo^re faiDiliar to all of us: The A,C. 
GEN ERA. TOR, An a,c, generator converts me- 
chanical energy into^ electrical energy by using 
the principle of something we haven't discussed 
as yet; ELECTROMAGNETIC INDUpTION, 

, Let's briefly discuss electromagnetic induc- 
tion and what it is. Whenever a current is 
passed through a conductor, a magnetic field 
is produced around that conductor. This magnetic 
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/field Is physically real and can be measured. 
That is why we must shield such conductors^ 
that' would fifect othet* conductors close to it. 
This MAGNETIC FIELD is actu^ly>^emf, or 
voltage. In figure 2-35, we have shown a basic 
voltage Bburce with' a conductor making a com- 
plete path back to t^ source, as you can see, 
the jnagoetic lines of force caused by the cur- 
rent pas^g through the condu9tor ^xtend out- 
wards from the c^ductor. They are strongest 

. liDtnediately around the conductor and weaken 
as thay get further from it. These magnetic 
lines ol foroj^, which are a phys^al ej^U Ave 
called FLUX j These ma'gnetic lines of u&x are 
an integral part of electromagnetic inducuon and 
are the reaspn~that electricity and micgnetism 
aije inseparable. Where you have" one » you nor- 
mally have the other* or can create the other. 

In figure 2-36, we have a piece of conductor 
that we have cut away from a conducting cir-", 
cuit and will assume that current is still flowing 
thro\igh;it. We show the magneticflux lines aromi^ 
^t, and next toMt we have another conductor 
close enough to be cut by the lines of feree 
formed by the current. These lines offeree, 
, which we have called an emf and which is ^ 
'actual voltage, will cause current to flow fn 
'the ccMiductor being put by the magnetic lines 
of force. This is indicated by the arrows in 
con^ductor **B'\ The current flowing in con- 
.dtictpr **B" ,will flow in the OPPOSITE DI- 
iIeCTION to that flowing in. the original 
conductor. The reason for that is not important 
at the moment. The primary thiqg to remembelr 
is .that, the current flowing in conductor ^*B" 
as a result of the magnetic lines of flux emanated 
from conductor **A'\ i^ ELECTROMAGNETIC 
INDUCTION. We have actually * induced" a cur- 
rent in one conductor with the lines of flux 
of anpt^r conductor. So, with the knowledge 
that Electromagnetic induction iis used, let's 
continue with, our discussion of a.c. generators. 

A.c, generators are made in many differen^^ 
sizes, (depending upon their "intended use./Re- 
.gardless of ,size, however, they all operate on 
the same principle — a magnetic field cutting 
through conductors, or conductors passing 
through a magnetic field. Thus, all generators 
*have at least two distinct sets of conductors. 
They are (1) a group of ' conductors in which 
the output is generated, and (2) a second group 
of conductors through which direct current is 
passed to obtain an electromagnetic field of fixed 
polarity. The/ conductors in which the output is 
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Figure 2-35. — **Flux" lines around a current- 
carrying conductor. 




76.86 



Figure 2-36.— Electromagnetic inducti^ 



generated are always referred to as the ARMA- 
TURE WINDINGS. The conductors in^ which the 
electromagnetic field originates are always re- 
ferred to as/the FIELD WINDINGS. 

In addition to the armature and the field, 
there must also be motion between the two. To 
provide this, a.c. generators are built in two 
major assemblies, w „\ t^e ROTOR.* 

The rotor rotatet Figure 2-37 

shows a typic^ sta and roi. \s was men- 
tioned ^previou^, in Tier toge' ate.a.e.,therer. 
liiust be motion between the statoi and the rotor. 

Types ^q^A.C. Generators 

There are various types of ^c. generators 
utilized; however, the^ are all similar in that 
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they do the same thing: Provide a.c. The fol- 
lowing two types aire the more predonninantly 
used: 



REVOLVING ARMATURE. --In tj>e revolving- 
armature a.c. generator, the stator provides the 
stationary electromagnetic field. By this, we 
maan that a small d.c. current is passed through 
the stator winding^ and a smajl.elecwromagnetic 
field is built up around the^^e windings. The 
rotor,* acting Vs the armature, revolves in the 
electromagnetic field built up around the stator. f 
When the rotor passes through tjie field built Generating A.C 
up around the stator and cuts the electromagnetic 
lines bf force, or ''flux**, a current is induced 
into the wincjlngs, or conductors, of the rotor. 
A voltage^ of course, is elIso induced into the 
rotor. 



of the btator. This maintains a field of fixed 
polarity on the rotor. As the rotor tufns inside 
the stator, th^ rotating magnetic field extends 
outward and cuts through the armature windings 
.imbedded in the surrounding stator. As the 



rotor turns, alternating voltages and currents' 
are induced in the windings sirice magnetib 
fields of first one polarity and then anothet cut 
through them. Now that^e.know what a.c. gen- 
erators do, let* s see how they do it. 



REVOLVING FIELD. — In thiSp type, d.c. is 
passed "through the windings on the rotor instead 




Kig5|jire 2-38 fehows a suspended loop of wire 
(comlucCor) being rotated, or moved^inaxjounterr 
clockwise direction through tllir magnetic field 
betyt^een the poles of a magnet. For ease of 
e>q)ianation, we have divided, the loop into a 
dark and light half. Notice that in part (A\, they 
dark half is moving parallel to the lines of foM5(^ 
or **flux** created by the North and South poles 
of the permanent maLgnet^Trle rotating loop" 
mast be imagined to he ^ving to your left, 
round and round. What we are going to do is 
take just ONE REVOLUTION of it. 



\ In part (A), as the loop is moving temporarily 
^parallel to the linens of force, it is cutting throu^ 
very few of these force or '*flux»» lines. The 
same is true of the light half of the loop. Sinc^_ 
the conductors are cutting few, or minimurflT^ 
lines of force, MINIMUM emf is induced into 
these conductors. 



AS the loop rotates toward the position shown 
iAi part (B), it cuts more And more lines of 
force per second because It is cutting more 
directly atiross the field. At position (B), the 
induced emf greatest because the ^conductor 



is cutting directly across the field. 



V 



(B) ROTOR 



Figure 2-37. 



236.286 
Typical stator and rotor. 
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Notice the WAVEFORM that we are plotting 
across the bottom of figure ^38. We are repre- 
senting the rise and fallof induced emf as the loop 
""rotates. As the loop' continues to be rotated 
toward the position shown in part (C), it cuts 
fewer and fewer lines of force per second. ^The 
induced voltage . decreases from its peak value. 
Eventually, the loop is once again moving in a 
plane paralJ^el to the magnetic field, and no 
voltage, or emf, is induced. 
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CONDUCTORS PARALLEL TO LINES 
OF'FORCE, EMF*MINIMUM 



ROTATION 




I DIRECTION OF CONDUCTORS CUTTING DIRECTLY ACROSS F^^^^^ CONDUCTORS CUTTING DIRECTLY 
ICJURRENT IS MAXIMUM POSITIVE ACROSS FIELD, EMF IS MAXIMI 



ZERO 




MUM NEGATIVE 



Figure 2-38,^ One cycle of generated a.c. 
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bn 41^!^ wajv^eform plot, notice that /fhe^UFawn 
forn) shows us starting at point (A),ywhich was 
zero, fend we proceeded to point (B)/ which was 
maxiiDuiT), and then to point (C), which is back 
to/' mlnimuir). The loop has now made one-half 
yi a revolution. 
,/ 

When the^ loop is further rotated to point 

(D) , the action is reversed. The dark half of 
the loop is moving UP instead of down and the 
light half is moving down instead of up. The 
polarity of the magnet remains the same, but 
the loop-halves, in changing their direction of 
travel, hjure^hanged the induced emf and current. 
It is nojf REVERSED. The voltage builds up to 
.a maxiipum in this new direction (as shown by 
the bottom half of our waveform-plot). The loop 
finally returns to its original position (part 

(E) , at ^hich point the voltage is again zero. 
Therefore, the loop has completed one cycle. 
And that is exactly what we have plotted on 
the Wftveform-plot; ONE CYCLE. 

A CYCLE, as shown in figure 2-38, is actually 
a circle because if you were to draw each 



half of the wnveform and combine the two halvesj 
you would form a circle, or 360-degrees. You # 
wilj^ also hear a cycle referrect^t s a HERTZ. 
Tie term "Hertz** has been >mj* Mated to 
used in lieu of cyo)^ s-per- seconc ihe primary 
difference between the two terms is that a 
cycle is referred to as one complete, revolution 
in any period of time, whereas a Hertz is 
referred to as one complete revolution PER 
SECOND. The key to keeping these' two terms 
straight is TIME. 



Looking back at figure 2-38, you will notice 
the term ''ALTERNATION** used on both the.upper 
and lower part of th^ plot. One ALTERNATION 
is one-half of one cycle. It takes two alterna- 
tions to make one complete cycle. When the loop 
move(f from point (A) to point (C), one alterna- 
tion, or one-half cycle has been completed. 
When the Joop moyed from point (C) to point 
(EX, two alternations, or one cycle had been 
complete. You can .also remember that one 
alternafton is eqtial to 180-degrees, or one- 
half cirdleo 
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the loop in figure 2-38 is rotated at a 
steacty rQ.te, and the 'strength of the magnetic 
field is uniform, ftie numbar of Hertz and the 
Wtage will TOTaafe at fixedr values. Continuous 
Station will produce a'seri^s of waveforms-^like 
' that rtiown in figure 2-3«. 



ERIC 



The waveform shown in figure .2-38 is call^" 
a SINE WAVE and is representative of one 
complete cycle of a.c. You will see the repre- 
sentative sine- wave many times in your as- 
sociation with electricity; and electronics. It 
is in the way. shown in figure 2-38 that uii u.'c. 
generator converts mechanical energy into elec- 
trical energy. The rotating loop in figure 2-38 
is, -of course, called the armature anij n>ay have 
any niiinber of loops or coils. 



FrSi 



cjuency 



As W|p saw when we examined th^ operation 
'of a simple a.c. generator, one complete rotatio^i 
6f the loop produced one cycle of a.c. In e^- 
tricity, we norm ally use the SECOND as the 
standsird measu! of time. We refe; once altnost 
everything to 1 second of time. If ono cycle is 
prgiluced in one second of ti^* ^ 
to have a FR Y of 1 

op^^ ration of l! . ie a.c. ^^oii - aiur loop j., 
figu e 2-38, u the loop made one complete 
rotation (frpm point (A) to point (E)) in one second 
of time, one cycle of a.c. would be generated. 
If we were to increase the speed of the loop 
so that one rotation required one-tenth of a- 
second, then TEN cycles of a.c. would be gen- 
erated. The number of cycles of a.c. that occur 
each second is called tha FREQUENCY, aand i^s 
symbolized by the letter (f)^ ^ 

The freq\i^jpty of the a.c. generated by an 
a.c* generatoo^depends on both the speed at 
whic^i'the armature rotates and the number of 
magnetic poles contained in the magnetic field. 
Regardlesi^ of the number of pairs -of poles, 
a complete cycle of a.c. will be generated 
each time a Nq)rth and South pole are passed 
in iBuccassion. Figure 2-39 shows a four-pole 
basic a.c. generator that is supplying a light 
bulb.. In this generator, one complete rotation 
of the loop will produce two cycles of a.c. Since 
we have tWo^ North and two South poles, both 
the dark and the light-shaded portions of the 
loop shown in figure 2-39 will/^oduce a cycle 



of a.c. apiece. There wiil be four reversals 
of current, or four alteruations. In other words, 
two cycles of a.c. are generatedf or each mechani- 
cal revolution of the loop. If each revolution 
lasts one second, the frequency of the output is 
2 Hertz. To find the output frequency of any 
a.c. generator, the following formula can be 
used: . ^. 

f = I^x rmp 

' 150 



where: f = Frequency in Hertz 

rpm = Armature Revolutions^ Per Minute 
p = Number of Poles 



If an a.c. generator having two poles, was 
made to deliver 60 Hertz, it would ,need a^i 
armature designed to rotate at 3600 rpm. M 
tha^same generator had th^ two pol€)S replaced^ 
wit^i four poles, it would need an armature 
designed^ rotate at 1800 rpm. In either case, 
the frequen^y^would be the same. 



LOOP 

Dotation 



SLIP 
RING! 




^ 236.172 
Figure 2-39. -^BaSl^^pole ac generator. 
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Ptiriqd 

^WVs we mentioned ^^lieV in this chapter, 
everything in the theory of electricity is in 
some way related to' time. A cycle of a.c, or 
any jBine wave, represents a definite amount of 
time. In figure 2-40, we have shown a^ sine 
WHve whosQ cy6le is twice in one second. There- 
£ore» one cycle occurs every otie-half second. 
The time required to comple^ one cycle of a 
waveform is c^ed the PERIOD of the wave. In 
figure 2-40, tKe period ia;- one-half second. 



vVe plot waveforms on ^ siagle, horizontal 
line. This horizontal line is the reference point 
from wliich we show tha*variations in the changing 
^Vi^ues of voltage and current. Looking at figure 
2-4Q, as current flows in one direction, we plot 
it above the horizontal! line. This is the fosiTIVE 
alternation of voltage/or current. As current then 
changes direction and flows the other way, we 
plot it below the horizontal line. Tliis'is the 
NEGATIVE alternation of voltage or current. 
For a sine wavev these two alternations will 
bo identical in size and shape, and opposite 
in polarity. 



The pertiod of a wave is INVERSELY PRO- 
PORTIONAL to its frequency , The higher the 
frequency, the shorter the period. 



We must have some of measuring a.c, ' 
otherwise we couldn't e^ptive\y utilize it. The 
amount of a.c, curren^^r voltage prei^nt in a 
circuit ^can be meaa|red in various Ways. In 
one method of measu^ment,the ma^mum ampli- 
tude, of either the pmitive or the negative alterna- 
tiflfnls me%sured.J^e value of current or voltage ' 
thus obtained iis^^i^led the PEAK^CURRENT 0^ 
the PEAK VOIJ^AgE. To measure, peak current 
or voltage, ai^scilloscope or a special mate;* . 
(peak readinjp/meter) must be used. In ugure 
fi-41, we |i&ve shown a sine wave plot. As 
the a.c. l^^ns at feera ^d steacUly builds to 
a maxim^i^Tdn, it reaches Us pe^" value. This 
is^showit in the ^figure. Note that a sine wave 
h^s twoypeaks; one on the positiye alternation and ^ 
one on the negative alternation. TiUs, of course, 
is because a.c. current changes direction, being 
positive during one-half of k period and then 
negative during jthe other half of the same period. 
The two maximum values of the positive and ' 
negative alternations are called the peak values 
of the sine wave. 

Another method of measuring the amp^tude 
of a sine wave is by determining the TOTAL value , 
of current or voltage betwe^ the odsitive and, 
negative peaks. Referring again te^igure 2-41, 
this is called the PEAK-TO- P^^AK^ value', and 
is shown. Since ^both alternations of a pure sine 
wave are identical, the peak-to-peak value is 
twice the peak value. Peak-to-peak values are 
usually measured with an oscilloscope, although 



In terms of a^n equation; 



where; t - Period in Seconds 
f =.Freque^^cy^in Hertz 

si / 
Sine Wave Amplijp^ 

One of the most frequently nisasured char- 
acteristics of ii sine wave is its amplitude. The 
tfjnplitude of d.c. is relatively easy to measure 
because ^it is flowing at^ a constant rate, with 
little or no ohange in its 'amplitude. A.c, how- 
ever, is always changing in value. As represented 
by the sine \^ave, it^^starts at zero^ builds to 
a maximum on the p6sitive alternation and then 
steadily decreases bagk to zero before beginning 
its negative alternation and repeating the process. 
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Figurd'^^40. — The ^'period*' 



of 
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sine wave. 
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2-41.— Peak and peak-to-peak values. 



Some voltmeters have a special scede c^fbratad 
in paak^to-peak values. 

Effebtiye or RMS Value ^ 

\ \ / 

'Perhaps |)y now you have noticed one of the 
less yae sir able characteristics of a.c: Uptakes 
a larger peidc value of a.c. to do the same job 
as a lesser level of d.c. To e^lain this* you 
know that a.c. builds from a minimum to a 
: maximum » thea^back to minimum again. That 
means that we only realize peak vcdue at the 
InstaAt that it reaches its peak. At all other 
times during its period^ it is of a lesser value 
than p^ak. D.c.>^on^e other hand, reaches its 
p^ak value alnrostfinstantly aiid stays* there. 
A 100-\yatt light ciilb, for example, woulc} be 
supplied' more • power fi^m a 120 volts d.c. 
source than from an a*c. source with a peak 
value of 120 volts. 

Since power dissipated by the lamp is a 
result of current flow throH^ it, the problem 
then is one of finding a M^AK alternating current 
which would equal tha^ same amount *of d.c. 

In a circuit, in whicjh a 10-ohm resistor is 
connected across an a«cv power source, the peak 
alternating current through the resistbr is 1.414 
amperes, as shown by the current curved in 
figure 2-42, Since the current tlxrough the re- 
sistor is changing contiguously, £he power 'dis- 
sipated by the resistor ''will also vary. It will 
be minimum when the current is zero. 
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Figure 2-42. — Peak-to-peak and effective valuea^> 
of a sine wave. 



The variations in ""^ci^r throughout the cycle 
can best be. analyzed by plotting a curve show- 
ing the inBtanta^ebus power at each point in 
the c>«te* In the procedure to follow, the ,in- 
stantaneous curreiit, the square of ttie instsint^e* 
ou^ current,^ and the instantaneous power ^vill^ 
be calculated in 10** steps for the first quarter 
of the cycle. These values are- shown in table 
2-1. ^ 

Notice that .at 0® the instantaneous current 
(I) is zero causing the power dissipated by the 
resistot to be zero. At 10** the instantane6us 
current is 0.245 ampere,/ the, current squared 
1^ 0.060, and the power /Is 0.60 watt. At 90** 
the current has reached its maximumv value of 
1.414 amperes, the square of the current is 2.1000, 
and the power dissipated is '20.00 watts. 

During the part of the sine wave of current, 
from 90** to ISO**, the same values ccruki be 
used as before but' in a reverse order. Thus, 
at 100® ithe values of current and power would be 
identical to those at 80°. ' . 

Using the - values of I and ^ froAi table 
2^1, a graph can be constructed! sliowing themay 
in whi^h pow^ Varies ^ougho\it the cycle. This 
graph is shown in figure 2'*42. 

In this graph a sine wave of current is 
i>lotted ftrst, using the instantaneous values from 
table 2-1. Next the curve representing P^and 
power is constructed, 

■ - / 



Chapter 2 E.'VSIC .ELECTRICITY 



iKotice that the powei?. curve has twice the 
frequency of the current \urve, and tjhat ALL 
POWER IS POSITIVE. Thi^ is due to the fact 
that heat is dissipated regardless of which way 
the current flows through, the resistor*. ' 



Since all. the alternations of the power curve 
are identical, the MEAN or AVERAGE POWER 
is the Vfdue HALF- WAY between' the maximu^i 
and Doinimum values^ power. X^us, the average* 
povfer di'ssipated by the 10-ohui resistor is 10 
waus, one-half the peak power. Since the curve 

'.representing power also Tepresents current 
squared (I^y, the ^average or ^ean of the curve 
also lies half-way between the rhaximipn and mini- 
mum values of P. As power is proportional 
to P ^ a d.c. current having a value fequal to the 
square root of the mean of the P values would 
produce the same average power as the orig- 
inal sine wave of /current. J^^ie itiean current 
is called the ROOT MEAN SQUAr|;CRMS) cur- 
rent. One RMS-jflCopere of alterna^ng ^urrent 

"is as effective in producing heat as one steady 
ampere of 'direct current. For this reason an 
IIMS ampere is also called to EFFECTIVE arn- 
pere. In figure 2-42 the pecJc current of 1.414 
amperes produces the same amount of average 
power bLB 1 ampere of effective (R3VIS) current. 



ANYTIME AN ALTERNATING VOLTAGE OR 
CURRENT IS STATED WITHOUT A^JY QUALW 
FICATIONS, IT IS ASSUMED TO BE AN EF- 
FECTIVE 'VALUE. Since effective values of a.c. 
Eire the ones generally used, most meters are 
calibrated to indicate effective values of voltage 
and current. . . 

I In many instances it is neCeag^y to convert 
from effective to pesdc or vtce-veraaVFigure 2-42 
sho^s that the ^esdc value of a sine wave is 
1.41 4# times the effective vldue and therefore: ' 



A 



and 



where 



m 



E = 

m , 



Ex 1.414 
maximum or peak voltage 
effective or RMS voltage 



m 



m 



I 



= IX 1.414 



maximum or peak current 
effective or RMS current. 



Upon occasion it is necessary to convert a 
pt^sik value of current or volfage to an elective 
value. The conversion ;jfactor may be derived as 
follows: 



Table 2-*l. — Iiistantaneou^ values of current and 
power 
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Degrees \ 




J , 




P 


0° 




000 


.*000 ' 


. ' .00 


10^ • 




245 

486- 1 


.0.60 


.60 


20 




' .236 


2.36 


30° 




707/ 


.5t)0 ' 


5. Op 


40^ 




909 


.876 


8.26- 


50° 


1 


083 ■ 


1.173 


ii.73 


-60° ^ 


1 


225 


1.500 


15.00 


^0* 


1 


329 


1.766 


17.66 


80° 


■ 1 


393 

i 


1.940 


19.40 


%o° 


.1 


414 - 


2.000 


20.00 



E X 1.414 



Multiplying both sides of the equation by 1/1.414' 



^m 



X 1 \\ A -Ex 1.414 X r-^rnr 
1.414 1.414 



1.414 



E 



Dividing 1 by 1.414 ' 
/ E = Em X 0.707 

\ where E = the effective voltage 



-m 



the maximum or^ peak volt/tge 




S^ilarly fbr#current 



where 



I = Im X 0.707 



I = the effective current 



*m 



the maximum or p^sdc current. 



47 



5 



a-^DIOMAN 3. & 2 



Average Value 

The average value , of a completed cycle of a 
Bine w^ve could theoretically. l)e said to be zero, 
this l8 bdoauBe the poaitive and negative al- 
teihaatione are equal in ainplitude hut opposite 
in polarity; therefore, mathemaUcally, they can- 
cel each other out. However, we can compute- 
the AVERAGE value of ONE ALTERNATION. 
This Is ^ Boroetimee ftecesBary in some elec- 
tronics circuits. Basically, this is achieved by 
j^ddlng together a series of instantaneous values 
Q^f the sine wave between 0 and ISO-degrees, 
which is actually one alternation, or one-haI| 
of a circle of 36Q-degr^s. vVe won't go into 
the method of computliig allof these instantaiieous 
values, \Ve will only consider tii|(i&r60ult pf this 
computation: One^^nalternatlon of a sine wilve has 
an average value eq$eA to 0.637 of the peak value. 
In terms of an equation: 

Eavg = Em x 0.637 



where: 



ALSO: 



where: 



Eavg = the average voltage of one 
alternation 
~ the maximum, . or peak 
^voltage 



Em 



layg « Im X 0.637 



current in one 
eal^ current 



Iavg'= the average 
alternation 
i Im , = th^ m ^n)um , or 

Figure lS-43 showg a comparison b^tw'^en the 
V^^j^iQus values that are used to indicate the 
any^itude of a sine wave. 

[. 

' Sine vVaves jjnr Phase 



If we api)ly an a.c. voltage to a resistor,, the 
resulting current will also be a.c. Th.'s is 
natural, of course,, because current is a result 
of voltage or difference in potential.' It follows, 
then, that cJttrrent is directly proportional to the 
-^'ap^ted-" Vomg^^'^Tigure 2-'^4^^^ wave 
of .voltage and the resulting sine wave of current 
superimposed on the same time axis. Notice that 
as the vo^tfi^e increases in a positive direction, 
the current" Increases along with it. When the 
voltage reverses direction, the current reverses 
direction. At all times the voltage and current 
values pass through the saii)e relative parts 
of their respective cycles at the same time. 
vVhen these two waves are in^step with ^ach 
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Figure 2-43.— -Various values indicating ampli- 
^ tude of a si»e wave, \ 



VOLTAGE WAVE 




Figure 2-44.—" VolUge and current 
^ phase. 
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waves in- 
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io to i^qpeaktx they are saM to be IN- 
MUC8S« <To be in puuse, the two waves must 
throul^ fbelr xnlnlimm) and maximuxD points 
llie •emii t(b stoie direotjlon. This 

bok mean that they inust be of the same 
'"^fta^t^i ddy that they travelinthesaxnedlrec- 
p^iifm at title same time. 

I^IUiie Waves Out Ot Phase 

^; In figure 2^46$ we see a voltage wave. El, 
jlttrtliig at 0 degrees* or time acero. as El 
r^hes its positive pei^, a second voltage wave, 
fe7 Marts to rise. Since these two waves do 
not go through their minimum and maximum points 
at the same time* a PHASE DIFFERENCE exists 
between them. 'n^ two waves, El and E2, are 
Mid to be OUT OF PHASE. The^ amount by 
whioh one wave is out of phase with another is 
&easured in degrees. ^ can see ^ in figure 
3-45 that El is 90 deg^lbs out of phase with 

Ea, 

Tolifurther describe the phase relationsliip 
between two waves, the terms LEAD and LAG 
aire used. To better understand this, refer again, 
to figure 2r45. I^nce E2 starts 90 degrees later 
\ihan El, E2 is said to LA El by 90 degrees. 
]S1 is said to LEAD E2 by 90 degrees. 

Another common phenomenon in electricity 
Is shown in flgur'e 2-46. The two waves. El and 
E2, are 180 degrees OUT OF PHASE. Notice 




TIME 
. ONE 



Figure 



2-45. — Voltage El leading 



236.181 
Voltage E2. 
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Figure 2-46i — Voltage waves El and B2 180- 
degrees out-of-phase. 



that although tntTwaves pass through their mini- 
mum and maximum values at the same time, 
their values 4are opposite in polarity and not 
in the same direction. In. such a situation as ^ 
this, the two ^M^ee Would cancel ei^c^^^r out , 
if they were of equal amplitude. If one. wave 
was larger than the othbr (higher in amplitude), 
then the. Resultant wavefopm would be the dif- 
ferenad between the ^two and would have tke^ 
polarity of the larger wave. 

Sine \Vav%Applicatioh, 

What we have done' so far in our study of 
basif) a.c. is to show you one of the more simple 
methods of generating .a.c. (with an a.c. genera- 
tor). However, as we mentioned previously, this 
is not the opjy Way to produce a.c- In communica- 
tions, we uS% various methods, depending upon^- 
what we want to do with the a.c. signal. The 
important thing here is that you urider stand what 
an a'.c. signal is and some of the more important 
points in arijdyzing its representation: Thi sine 
wave. However we choose tp generate a.c. the 
basic representatiou. remains the same as well 
as its rules of amplitude and phase relationships. 

Electronic eiqidpment makes extensive use of 
a.c. in the forin of circuit signal voltages. 
From la tiny a.c. signal generated by a micro- 
pho|i^V for example. We can transmit signals 
around the world. Thus, a.c. plays a role of 
primary importance in any electronic endeavor. 
Thd remaid^ topics in this^chapter deal with 
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iBWO oliouli viludB thft are necessary to und^r-- 
stintf .iiot ' only from a viewpoint of electricity 
bat 14*9 later studly of antennas. They 

'^un iiidubtattp e and capacitance. ^ 

INDUCTAI^CE ^ ' 

Induotaiibe» as a property of electrical c;i.r- 
OiiitSr tB k very Retailed subject. Our coverage, 
of liitiuiOtanoe here will be limited. to the more 
major oharaot^risticB of it. ft should be pointed 
butt however, that a study of inductance conn*- 
Mnei both' the principle of magnetijam and the 
physics -of electrons. With a basic loiowledge of 
lnduotance» a person's ability to under stand elec- 
tronilc!) circuits becomes more pronounced and 
ttie application of, electronic circuits easier to 
coinprehend« - \ 



What i| Inductance ? 



INI^CTANCE is defined as the property of 
an electrical circuit that opposes any change 
in the current through the circuit. Thi© unit of 
. measurement for inductance is ^the HENRYi 
desigi^ted ''H'*. The symbol for inductance it- 
sel|_ls V*JL'^ Tl^ henry isx a relatively larg6 
k .:tfti^t^ of inidtuctance and is usect with relatively 
flkrge induotprs. Usually » |^e unit encountered will 
( be the miUihenryy nnH, or the mici^ohenry^ uH. 

fgelf -^inductance • 

. , Even a straight length of conductor has some 
f'V. y Indiictancff: As you know, current in a conductor 
74* ilways produces a magnetic field surrounding 
' >/ :;ijfi^d linking it with the conductor . >VMbn the cur- 
:rent changes, the magnetic field changes, and 
' an emf is induced in the conductor. This emf 
is called a SELF-INDUCED EMF. because it is 
induced in the conductor carrying the current. 
The emf is also called a QOUNTER- 
ELEjCTROMOTIVE FORCE (CEMF) because it 
always oppbses the applied emf. In figure 2-47, 
we have shown a simple circuit with a battery 
and a straight^ piece of conductor connected to 
the negative and positive terminals. We have 
expanded a section of the conductor to more 
accurately depict icemf. Tha current-carrying 
conductor is encircled by fl.ux lines. These flux 
lines actually start >t the center of the con- 
ductor and e;q)and outward. In ex|^ding outward, 
the flux lines cut the conductor, md anytime flux 
lines cut a conductor, there jvill. be a cemf 
generated. This cemf builds up at the saipe rat^ 
as the Bource and in direct opposition to it. 




>LUX UUES 
EXi^ANDING FROM 



\ CEJ^TER OF 
\ CONDUCTOR 



♦ .76.87 

Figure 2-47.-^ **Cemf"' in a current-carrying 
conductor. » 



.u 



It, therefor^^ OPPpSES the initial build-up in* 
current. It might seem that th^ ceftif would pre- 
vent curretft^flbw,, but it should be pointed Oiit 
that a cerff will be produced only so long as 
there- is RELATIVE MOTION (flux e3q)anding 
/or collapsing). If a steady rate of current Is 
Yeached, self induction will cease 'to exist to 
. w^E-^ppreciable degree. Therefore, self induction ' 
is more pronounced in a;c. qirguits- than .4n 
d.c. circuit sT* ^ . 

The cemf produced due ' to self induction 
depends on the amount <rf flxiX linkage between 
ona part of the conductor and another part 
of. the same conductor. In' other words, a single 
circular flux line ejqpandlng outfrom the 'center 
of the straight wire will cut - only the radius 
of the wire fr^m tiie center tp the surface. 
Therefore, the 6emf produced will be very smalU 
However, if the^ conductor is wound intp a coil, 
then a single (Circular flux line expanding out 
froih the center of the conductor in one of these 
loops will cut many of tlie other lo<^s. There- 
fore, the cemf produced will increase because 
the flux linkage between one pi^i of the.conductor 
and another will be greater* Figure *2-48 shows 
a coil placed in a circuit conJ;aining< a sin^ple^ 
source. All of the coils in this circuit will now 
have flux fields built up around them. All of 



50 

■ ■ ■ . • 5? 

ERIC 



Chapter 2 — ft^IC ELECTRICITY 





' . . . ' . 76.88 

Figure a->48«-^^''CoilixV a Conductor produce 
' greater induced EMF. 



these ^fields illT turn will cut several coils next 
to ttie coil emimating the field. As you can Bde» 
as, we ''coil^^ a wire, the induced emf will be- 
coine more pronounced* It will' also become more 
pronounoed as we decrease the distance between 
the turns because more turns will be cut by the 



fields^ of other coilE 
is' more I^irDUC; 
figOre 2-47. 




The circuit in figure 2-48 
than the circuit shown in 



N<5w* a nab^al question: How does inductance 
oppose any change in current? A^thout going into 
a long, involved e3q>lanatlon, thl^Xaswer^is simply 
this: Taking an a.c. e\gafd bb an example, as 
the voltage builds up on one swing of its two 
alternations, the cemf produced builds up at the. 
sattie time, opposing the soiirce voltage. As the 
a.»c. signal stdrts on i^s down swing towards 
zero, the^cemf begins to coUaps'e and act as 
an emf (voltage) by exerting foi induced voltage 
in the same direction .that'' the source acted. 
Thisd[nduced voltage tends to keep the current 
at a higher rate while the source/ falls to zero 
and then starts on its ^cond alternation. \Yhere- 
upon, the cemf will again oppose it» thereby 
keeping the current more stable. 



Factors Affecting Self 
Inductance ^ ~ \ 



« %Many things affect the s«Q|g!inductance of a 
circuit. An important factor is the degree of 
linkage between the circuit conductors and its 
electromagnetic'' flux. In a straight length off 
conductor, there is very little flux linkage be-\ s« 
tween one part of the conductor and another. 



i 4 

Therefore, its inductance is veiiy email* Coii 
ductors becofhe much more inductive when they 

#are wound into coils, as shown in figure 2-49. 
This is . true because of the maximum flux 
linkage between the conductor turns which lie 
side by side in the coil^ 

Inductance is further affected by the manner 
in which a coil is wound. The coll in figure 
2-49(A) icT a poor inductor compared to the^ 

^ coil iri* figure 2-49(B)*. That is because Its turns 
ire widely spaced* thus decreasing the flux link- 
age between its turns. The more inductive 

' shown in figure 2-49(B) has inore closely spa^M^ 
turns and \ the two layers link each other with a ^ 
greater nlqmber <^^lux fields during 'all ilux 
movements. Note tE|ft neatly all tums« such as 
turn (a), are directly adjacent io four other tujrns 
(shaded), thus affording increased flux linkag^e, 
Tlie coil shown in figure 2-49(C) isjret more 
inductive. This was accomipUshed by winding it in 
three layers, and providing a highly PERMEABLE 
core made of IKON. To better understand this»' 
let's define the terfi) PERMEABILITY: The ease 
with which magnetic lines of force distribute 
themselves throughout the material. As we all 
know, iron is very easily magnetized and dffetri- , 

1, bates magnetic lines of force quite easily^ The 

«: magnetic properties of the iron'coreincrl^ase the 
total coil flux strength many times that df an 
air core coil o^ the same number ^ of turns, v 

From the foregoing* we can arrive at a few 
simple conclusions. Tii€^prim;u:7 factors affecting 
the inductance of a coll are: . . 

(1) The number of turnj^of conductor, 

(2) Th<^ ratio of the cross-sectional area of 
the coil to its length* . * 

(3) The permeability of ' its core material. 

■ ' - ^ 

The inductance of a coil is affected by the 
magnitude of the current when the cqi^e is a 
magnetic material. However, when the core is air, 
the inductance is inde^ndent of the current. 

To summarize- briefly before going further, 
Ihe cemf is an INDUCED emf, ox voltage. This 
voltage is inducted in conductors of a circuit 
by means of. the* magnetic field surrounding any 
conductor carrying current. Any change in current ^ 
changes the intensity of this *^agnetlc fiei^, 
and the resultant emf induced (the county lemf), 
is self-induced. Thus, the property crf^i. cir- 
cuit which produces such an emf is called 
self inductance. Actually, all elements in a 
circuit* including connecting wires, show some 
self inductance, but realistically* only those 
lements designed to make use of this property 
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Figure 2-49,— Coils 
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to advantage are Known as ijaductahceSrOrlKDUC* 
TORS. , 

Magnitbcje of a « 
Counter EMF (CEMF) • > ^ 

The magBltude ,of a countdr-^xnf (CEMF) 
depends upon the same factors that govern any 
Induced enif« Let's jresij^ a law ci dleotro^ 
mago^tid induction: The EMF induced in any 
^circuit Is dependent upon ^ rate of change of 
the flux linking the circuits Since there is no 
physical movement of the conduotox^or the lines 
of force in self inductanc^tft^e rate of change 
of the flux density is dependent Aipon movement 
of some kind. Obviously » the magnitude of a 
self induced emf depends upon the rate of change 
of the CURRENT in a circuit. FUz'^er. it stands' 
to Reason that a. rapidly changing Current in- 
duces a greater EMF thao^ a slowly changing « 
current. That is wjiy a s^lf induced emf will, 
not be as. great In a d.c. circuit because the 
current varies very little, therefore » a smaller 
emf. But for an a.c. circuity the rate of change 
of current depends upon the number of Hertz, 
or the frequency. The counter emf in a.c. cir- 
cuits then depends upon the frequency'. 

Mutual Inductance 

MUTIJAL.INDUCTANCE occurs whenever two 
coils are located so that the flux from one coil 
links wit^ the turns of another cp^l and produces - 
an emf "in that coil. The two coils are said to 
be* * 'mutually inductive". In figure 2-50, we 
have shown two coils that arer-m^alil inductive. 
If the coils are separated a ccMfsiderame distance, 
the amouht of flux common to both coi^s Is small 
and the mutiial inductance is low. Conversely, 
if the c^s aye close together sd that Lnearjy 
all the flux m tine coil links the turns of the 
other, mutual inductance fs high*. Mutual in- 
ductance .may be increased by mounting -two 
coils on a common iron cor^^ ^ 

AS was mentioned previously, the mutual 
iiid^ctance of two adjacent coils is dependent 
upon th^ (ly physical dimensions ofl' the. two 
coils, (2) the number of turns in each 6oil, 
(3) distance between the two coils, (4) relative 
positions of the axes of the two coils,' and (5) 
the permeability of the cores. 

ii the two coils are so positioned :1^|;utt all 
the flux of one coil cute ^ all the turns of the 
otl^r, the coils have what is called iTnITY CO- 
EFFICIENT OF COUPUNG* If all of the flux 
produced by one coil cuts onl/ one-half the turns 
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Figure 2-50. — Increasing and decreasing mU'tual^ 
. indufctance. 



of the other coil» the coefficient of coupling is 
0,5» or 56%. Coefficient of coupling i^'designated 
by the letter **k". The coe^icimt bt coupling 
i0 ^qual to the percentage df^tlw/ originated by 
one coll that cuts another coiU It is never equal 
to unity» but ^it may appr<5ach that value in 
certain typ|^ of coils. \' 

Series anjjfparallel 

Inductors . . 

■ , . ^ - -it 'ij^:^ ^ ■. ^ 

'-^^t for routed ^^r^determ.intng tot al indaQtance 

circuit sfmplei Itiductfimee^ls tfiSi^ciilated* 
'fn&V.8l^6 way^thal Tesl«tance ' ijs in seriei^ or 
parallel circuits. The following forinulas aBSuine 
ihat jtbe inductors are well shj^elded; or located 
far enough apart Jto make the effects of mutuai 
inductance s^ost* neglig^le. For series in- 
ductors:. 



^ Lj = L; + L2_+ L3. . >Btc. . . 
For parallel inductors: 



There is a formula for calculating total inductance 
whenever 'the effects of mutual Inductance are 
prevalent, HoWeyer» at -this point» such a dis- 
cussion would only' serv^* to confuse yoik. For 
information relating to that calcul^on» refer to 
BASIC ELECrRICITY,#NAVEDTRA 10086 series. 



INDUC TIVB' VOLTAGE 
AND CU^^NT 

As stated previously, any change in ciirrent, 
either a rise or a fall » causes a <?orre6p€ndlng 
change in the magnetic flux around U C3ll. 
the current is . in the fOrm of a^slne wa\e, the 
induced voltage iwill also have the form of/a sine 
wave. The induced ^ voltage always OPPOSES a 
change in current. Take a look at figuri 2-*&ltf 
When the current is rising in a positive direc- 
tion from of degree^s, the, induced emf-re 
posite polaidty the source emf ai^ opposes 
jhe rise In current. Later, when the current is 
falling towards its zero value at 180 degrees, 
the induced voltage is of the saras polarity as 
the current and tends to keep -yiycurrent from 
falling. Thus, the ^ induced voltage can be seen ^ 
to LAG TH& CURRENT.by 90 degrees. . 

. The resistance of the coil is small and the 
primary opposition to the current flow, through 
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Figure 2-51. — Inductive voUage and 
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the ooll' IB tba induced voltage. The applied 
voltage, or source voltage, is slightly larger than 
tba inihiced voltage and is indirect opposition 
to it« The current lags the applied voltagd in an 
inductive circuit by 90 degrees^ The induced 
^ voltage is always of opposite polfiirity to the 

Jpplied voltiige and is called a COUNTER einf 
r a BACK efiof because it always opposes the 
change ci current. ^ 

CAJACItANCE \ 

All electrical circuits are composed of either 
resistance, inductacice or capacitance, usually 
all ^three. Two conductors separ^tted a non- 
conductor esdiibit the i^operty of CAPACITANCE, 
bedaiuse t6id combination can store ah electric 
charge. Inductance opposes a change in cur- 
rent. Capacitance ' is a property of a circuit 
which opposes a cfiange in voltage. Also, whereas 
inductance stored energy in an electromagnetic 
field, capacitance stores energy in an electro- 
static field. 



Electrostatic Field 



When one charged bo(}y is brought close Ho 
another charged body, there is a force that 
either causes the ^chai'ged bodies to attract qr 
repel e)ach other. If these charged bodies have 
the same sign of qharge, they will tend to repel 
each other. If they ha^e unlike signs, there will 
be a force of attraction between them. This force 
of attracUpn or r^pUlsion is caused by the 
eieotrostaQc field that surrounds every charged 
^bcdy. If^aie material is charged positively* it 
\^AS a laRt of electrons. If ituis charged nega- 
tively, it has an excess of elec(5:ons. 
^ Look at figure 2-52. Here we have shown 
. two, charged bodies existkig in close Trroximity 
to each other. One is negjjHvely charged, and one 
is positively charged. Between these two charged 
• .bodies, there is .a .STATIC FORCE FIELD ex- 
isting due^ to nkturaii laws of attraction and 
repulsion between differently charged bodies. 
If we could see ttie iine's of force, we would see 
them emanating from the positive' body and 
going towards the^negative body. Remember, these 
are lines .of force, not electrons. An electron 
will move from negative to the positive material 
AGAINST the lines of force. 

The force between charged bodies is very 
• aptly ejqplained by a common electrical law: 
The force existing between two charged bodies 
is directly proportional to the product of the 
charges and inversely propoi?tional to the square 



ELECTROSTATIC 
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ELECTROH ^ ^ 
• ' . / 236.198 
Figure 2-52.— An electrostatic force.field. 



of the distance separating them. In other words, 
the greater the charge on the charged bodies, 
the greater will be thp force field, atfd the^ 
greater the di'^tance between the X3harged bodies, 
the less the firce of attraction. Af^ interesting 
characteristic /of electrostatic lines of force is 
t^iat th^y hive the ability to pass through any 
knowd material.' 

The^apacitor \ - ^ ' 

• CA^PACITANCE is defired as the property of 
an electrical circuit or electrical device to oppose 
a change in voltage. CapacitaAce is also defined 
as the measure of the ability* of ' (wo conducting 
surfaces, separated by some form of non- 
conductor, to store an electric charge. For t^e 
present,' we will use air as the insulating ma- 
terial between t^o conducting surfaces^ 

The device used In electrical circuits to/ 
store a charge by virtue of an Electrostatic field 
is called a CAPACITOR. (The larger the capaci- » 
tor, the larger the charge that can be st(4red^) 
The simplest type ^ of capacitor consists 
of two metal plates separated by air. An il- 
lustratipn of a simple capacitor and its schem a^c 
symbol is shown in figure A" 53, The conductors 
that form the capacitor are called PLATES. The 
material between the platep ^is called the DI- 
ELECTRIC The two vertical lines in figure 2-53 
represent the leads cohnecting the capacitor 
to the rest of the circuit. Notice that the schematic 
symbol (B) and the, simple capacitor diagram 
(A) are similar in appearance. Capacitors, how- 
ever; may be in many configurations (round, 
rectangular, square, etc.); but the CROSS- 
SECTIONAL area, of the plates of tiie capacitor 
is very large in comparison to the connecting 
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(A) 



OR-/ { 



ONDUCTOR-/ (B) 



, 'OUTSIDE CONDUCTOR-A 

.... * 236.200 
Figure 2-»63.— CapftOitor and its schematic sym- 
bol. 



may define DIELECTRIC CONSTANT in two ways. 
We may now list the ttree factors that affect 
the value of capacitance: 

(1) The area of the plates 

The distance between the plates 

(3) The dielectric constant of the material 
between the plates - * ^ 

Unit of Capacitance 



Capacitance is measured In a unit called the 
FARAD. The farad can also be defined in terms 
of charge and voltage. A capacitor hks a ca- 
pacitance of 1 faxad if it will stoire 1 coulomb 
of charge when connected across a potent!^ of 
1 volt. This can be e^qpressed mathematically: 



c<niductor leadi^. What this means primarily is 
that there is an « over-abundance dl free elec- 
trons available in each plate of the capacitor. 
If the (^oss-s^ctional area and plc^te- material 
>of . the capadtor plates are the same, the niunber 
cf free electrons in each plat^ must be ap** 
proxinQfttely the same. It is po&sible^ however,' 
to stord SQ large a charge on one .plate of a' 
capapitor that t^ insulating material between 
ite Qlates .will begin to conduct* so there jLs a 
limit as to the amount of charge that can be 
etored In ^ capacitor. 

^ Figure* 2-63( A) s6ows . a capacitor' in its 
simplest form. It consists of two metal plates 
separated by a thin layer of insulating ma- 
terial* dielectric. When connected to a voltage 
source/ the voltage forces electrons onto one^ 
plal^., making it negative » and pulls them off the 
otheV plate,^ making it positive. Electrons cannot 
the dielecmc. Since it takes, a 
ty of electrons to **fill up'\ or 
capacitor* it is said to have a 
hls characterlstlc is referred to.as 



^flow 
definite 



plate, 
ough 



CHARGE 
CAPACITYJ 

capacitance/ / 

Various materials vary in their ability to 
support blectrlc flux or to servd £s dielectric 
* material for capacitor s.^ The ability of a di- 
electric material to support electric flux is 
esqpressed in a figure known as its DIELECTRIC 
CONSTANT. Usually ia vacuum is used as a 
reference point for all dielectric materials. 
The , dielectric constant of a material is also 
defined as a ratio of the capacitance of a 
capacitor ua^ that particulai" material as a 
dielectric to^the capacitance of that same capaci- 
tor using air as a dielectric. So we actually 



where C « Capacitance in Farads . % 
Cliarge in Coulombs ' 
E « Applied Potential in volts 

Do not get *the mistaken idea that capacitance 
depeiids upon current or voltage. This formula 
is merely used for finding farads. Capacitance 
is determined entirely by physical factors Al- 
ready mentioned. 

A 

You will, probably fiid, in dealing with elec- 
tric circuits, that a farad is a very large and^ 
ctxmbersome figure to use. Rarely is capafci-^ ) 
tance measured in so large a figure. Rather, ^ 
it is measured usually in microfarads (uf) or , 
micro-micjof arads (uuf) , To ^ avoid . confusion 
and the use of double prefijces, the term pico- 
farad (pf) is^p.referred to 'the term micro- 
* microfarad. - ^ • 

The formula for determining capacitance in 
a parallel two-plate* capacitor is as follows: 

C - 0.2249^^ 

where C is in picofarads, A is the area of one 
of the plates in square inches, d is the distance 
between the plates in inches, and k is the.di"^ 
electric constant* of the insulator ^bparating 
the plates. From this formula it may be seen 
that the xcapacitance increases when the plates 
are increased in area, it decreases if the spacing 
of the plates is increased, and it increas^l^ 
if the dielectric constant is increased. 
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Charging aj^apaoitor 



In order to better understand the action 
of a capacitor, let's examine the '^charge" 
and **diSQharge" action of a purely capacitive 
ciroult. Talce a look at figure 2-^54. Here we 
have showx^an uncharged capacitor, (A), and 
the sanne capacitor when -chuglng,^ (B). In fig- 
ure 2^64 (A)*' the ciroult is shown ''open", 
that is, *ho current can flow because there is 
not a coropletd path. Each plate of the capacitor 
is {^ neutral body, and,^Juntll a difference in 
potential is felt across the capacitor, mo elec- 
trostatic field can exist between thq plates. 

To charge the capacitor, the switch must 
• be in position 2, which places the isource voltage 
across the plateiB of the capacitor. Although the 
' .action is almost instantaneous, we will slow it 
down and e^lain What happens. - 

..V 

-* r ; ♦ 
/ ^t the instant the switch i^ pl^ed in poal^ 
^ tion 2', d dttsplaceme/it of electrons will occur 
simultaneftmsly^n allgaarts of thapircuit. Natural- 
ly, this electrdn;^dii^^cement is from the nega- 
tive* terminal ofClhe battery toward the positive 
terminal. In figure 2-55, we show the direction 
of current flow and the polcurities built up in 
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Figure 2-54.-— Charging a capacitor. 




a 236.208 
Figure 2*-55. — Polarities during charging of a 
^^pacitor^ J, 



the circuit. As the switoh is clofed. the pOBl^ 
tive terminal of the battery extracts an elec- 
''^ron from the bottom conductor, and the negative 
terminal of the battery forceis an electron onto 
the top conductor,-or plate, of the capacitor. At 
the same time, anL_electron is forced onto the 
top plate and another is pulled f ronj the bottom 
Iplate. Thus, in every part of the circuit, a 
iplockwise displacement of electrons occurs in the 
maimer of a chain reaction. 

As electrons accunnulat^ on the top plate of 
^ the cap*acitor and others depart from the bottom 
jplate, a difference in potential developB^rosB 
xhe capacitor. Each electron foiled onto the top 
plate makes that plate more negative, while each 
electron removed from the I^Bttom plate makes 
that plate mbre positive. Notio^ that the polarity 
of the voltage which builds up ^ross the capa6itor 
is such ^ as to OPPOSE^ the SOURCE, or, in 
other words, ^ It has a tendency to try to makb 
current flow l3ack the other way, COUNTER- 
CLOCKWISE. As tha--capacitor continues to 
charge, the voltage abross the capacitor rises 
until it is equal in amount to the source voltage^ 
Once the capacitor voltage equals the 'source 
voltage, the two voltages balance out, and th^ 
current ceases to How in the circuit. 

It ' should be emphasized at this time that 
no current flows^ through the capacitor. The 
material between^ the plates of the capacitor ^ 
must be an INSULATOR. 

Look at figure 12-56. W© have shown the 
same circuit a^ was shown in figure 2-54. 
The only difference is that we show the 4r 
position switch in position 3 and in position 4. 
With the switch shown in position 3, figure 2-56( A), 
the electrons on the upper plate are now es- 
sentially isolated. \ Thus, the capacitor plate 
will remain charged indefinitely. 
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Figure 2-56,— Capacitor '^storing" a charge 
(A)>then "discharging'' (B). 



The J9ilEI^ECTRIC bet>^een the plates of a 
capacitor is not perfect, of course. Usually, 
a sniall leakage current will flow through the 
insulating materiall to the other plate of the 
capacitor and eventually will drain the capacitor 
of its charge. A high quality capacitor may hold 
its charge up to a month. 

At full charge, the electrostatic field be- 
tween the plates is ajt a maximum and the energy 
stored in the dielectric is maximum. If the, 
charged bapkcitor in figure 2-56(A) is discon- 
, neoted froin\thii}i source, the^charjge wilL be re-^ 
tained for s^ne perjLf^ of time; The length of 
time the cha^^^ dj^pends on the 

amount of lealwge . ctii"!^]^!'^^^ the 
electrical energjf is^stored in ^^^^^ a 
charged capacitor act as a sotir^k. 

Discharging a Capacitor i 

To DISCHARGE a capacitor, the charges on' 
the two plates must be neu^alized. This is don^ 
by providing^ conducting path betwe^ the two 
-Mates. In figure 2-56(B), we have shown the 



a capacitor does not consume power. Tl^ energy 
the capacitor draws from the soUrce is re- 
covered when the capacitor i$ discharged. 



apacitor Losses 



- Losses occurrifig in capacitors may be at«- 
trlbut^d to either DIELECTRIC LEAKAGE or 
DIELECTRIC HYSTERESIS. Dielectric Hys- 
teresis may be defined as the change in the 
orientation of the electron orbits in the di- 
electric due to rapid reversals of polarify and 
line voltage. The amount of loss depen|^ tipon 
the type of dielectric used. 

Dielectric leakage opcurs in a capacitor as 
the result of current leaking through the di- 
electric. Normally, of course, it is assxuned that 
th€^ dielectric will effectively prevent the flow' ' 
of current through the capacitor. However, as 
mentioned previously, a small amount of current 
doe^ flow between the pl&tes of a capacitor. 
This j;;urrent is so stnalL thc^ it is considered 
insignificant as a loss. If the leakage through, 
the dielectrickds abnoi'mei^y high, however, there 
will be a rapid loi^s of dharge and an overheat- 
ing of the^pacitpr. . . 

POJ^VER FACTOR of a capacitor is 
by dielectric losses. If the losses 
Ible, the capfkcitor is considered to be 
and has \ power factor of zero, 
the power factor of »a capacitor is a 
i^ent of its efficiency.. 

ting of ' ^ . 



In selecting or substituting a capacitor for, 
use in a particular circuit, consideration must 
be given to (1) the value of capacitaince de- 
sired and (2) the iimount of voltage to which the 
capacitor is to be subjected. If the voltage applied 
acrpss the plates is too great, the dielectric will 
break down and arcing will occur between the 
plates. The capacitor is Ij^n short-circuited £Lnd 
the possiWe flo^ of direct current through it 
cliuse damage to other part^^f[ the equip- 
_^ . Capacitors have ^ — i*-^- « 
"should hot b^expeeded. ? 
The* ** working voltage' ' 




voltage ratinff that 



of the capacitor is 



path for current 
excesii electrons 
the positive f>l 
therefore, neutr 



Proposition swlich in pos{liq;)/4. This provides a /^^e maximum voltage that can be steadily ap- 
^een the two plates. The plied without danger of *'arc-over'\ The work- 
the negative plate flow to ing voltage depends on (1) the tjrpe of nmterial 
^til they equalize and are,^^/(iSQd Vs^ the dielectric and (2) the thickness of 
It should be noted that theMieiectric. ^ , 
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Till) voltage rating of the capaeitor is a 
factor in determining the capacitance because 
capjGKCltance decreases as the. thiclmess of the 
'dielectric increases. A high voltage papacitor that 
has a thick dielectric^niusffiaVe' a larger plate 
area in order to have the sarpei capaci^nce a9 
a siznilax low voltage capacitor having a thin 
dielectric* The voltage rating alsc^ depends on 
the frequency because the losses and the re- 
sultant heating effect increase as frequency 
increase s^4^ ' v • - 

A capacitor thai may be safely charged to 
^ 500 volts d.c. cannot be safely subjected to 
^ alternating c^, pulsating direct voltages whose ef- 
fective values are 500 volts. An alternating volt- 
age of 500 voUs (rms) has a peak voltage of 707 
volts, and a capacitor to which it is to be ap- 
pliec} should have a working voltage of at least 
750 volts. The capacitor should be selected so 
that its working voltage is at least 50 per cent 
greater than the highest voltage to be applied to 
it. 

Calculating Capacitance r 

Calculat|[ng capacitance is really quite simple 
if you can remember one basic rule- of- thumb: 
Calculate capacitance exactly opposite the ^ay you 
would calculate resistance. In other words, for 
capacitors in SERIES, the^ formula would be: 



C^~C1 +02 +03 • • • ' ^ 

vVe use the RECIPROCAL- method, just as we 
did for parallel resistors. We can also use the 
product over the sum method when only two 
capacitors are involved in series: 

Kxih^r^^ n CI X C2 

y^^^""^ = ci +C2 

just as we did for resistors in parallel. 

For calculating capacitors in parallel, the 
same rule of thumb \applies; opposite the way 
you would calculate refeistcmce. As an equation, 
it^^wuld be; Cj = CI + C2 + C3. . .etc. just as 
we did for resistors in series. 

INDUCTIVE AND CAPACITIVE 
REACTANCE 

Inductive I^eactance 

We mentioned previously that the opposition 
that am inductance offers to a changing current 



was called induced voltage or cemf and has been 
measured in voltfiu This is true insofar as a 
coil can build up^a cemf that will oppose t^e 
source in polarity, th^ aid the circuit by, aiding 
the current flow in it. However, opposition to 
current flow is normally measured in ohmSt 
not volts. The ohm, of bourse, is a measure of 
resistance. Since a cou reacts to a" curreut 
ch£uige by generating a cemf, a coil is said to 
be REACTIVE. The opposition of a coil is, 
therefore, called REACTANCE (X), and ij3 meas- 
ured in ohms. Since more than one kind of re- 
actance exists, the subscript L Is added to 
denote INDUCTIVE REACTANCE, (Xl). Thus, 
the opposition offered by a coil to alternating 
current is inductive reactance or Xl. 

At this point, we can now state a forni^ula 
that allows us to solve for inductive reactance. 
It is important that you understand the re- 
lationship between inductive reactancte and fre- 
quency. The formula is as follows: ^ 



Xl = 2trfL 

where: Xl * Inductive Reactance^ Ohms 

2v * 6.28 (Number of RADIANS in One 
Cycle) . 
f « Frequency in Hertz / 
L = Inductance in Henrys 

It IjksjAlready been said that the cemf of 
a coil depends on the coil's inductance and the 
rate of flux change around the coil* The rate 
of flux change, of course, depends upon the 
frequency, or number of alternating cycles per 
second (Hertz). Therefore, we can change the 
reactance of a coil by changing its . inductance 
or by chfiinging the input frequency to the coih 
As we increase the frequency,, the rate of flux 
chsmge also changes because of the inherent 
characteristic of a coil to build up magnetic 
flux fields around the turns comprising the 
coil. The formula^ of' cqurse, tellfe us that if 
we vary either inductance, bi^^he frequency, then 
we change inductive reactance. Sinbe most in- 
ductors are manufactured at fixed values, the 
only variable factor affecting the Inductive re- 
actance of a coil, normally, is frequency* As 
we increase the frequency -tfppjied^ t^ a coil, we 
increase the reactance of the; coil to current 
flow, or, its resistance to the^ applied frequency 
or current. This reactance, 6t resistance, is 
measured in ohms and exhibits the same proper- 
ties that a resistor of that value ^ouJld exhibit 
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toV^ourrent flow Jf placed in the circuit. Re- 
memiier, reactakce is a resistance* not an 
loduotanoe. " 



Ci^oitlve Reactance 

Tie definltlm of capacitance was stated as 
fbe ability to Ql^se a change in lulled yoltage. 
It ims been statela that a capacitoi: charges to the 
value of the source. At the time that the charge 
of a capacitor equals the appl^d voltage, no 
more current flows. Since a capacitor REACTS 
to a voltage \jy producing a cemf, a capacitor is 
said to be REACTIVE. The opposition of a capaci- 
tor. Is therefore, called REACTANCE (X) and is 
xneuured i&-johmi^. In order to ^stinguish ca- 
padtive reactance from inductive react£Lnce» 
the subscript is added to the symbol k. 

The opposition offered by a capacitor to al- 
ternating curirent is termed CAPACITIVE RE- 
ACTANCE and designated by XC. & 

It is not necdssary that you understand all 
.of the reasons for the formula, but it is im- 
portant that you understand its relationship to 
applied frequency. The formid'a« is as follows: 

XC — 



2fff C 



where: 



XC 



Capacitive Reactance in 
Ohmff' 
2 TT = A Constant 

^ Fxequency in Hertz 
= Capacitance in Farads 



f 
C 



As you can see, the two values that will 
change the reactance of a^ capacitor are the 
frequency and the capacitance. If a ccgpflbitor 
has, a fixed value, then ^e only variable will 
be frequency. Often, however, capacitors are 
variable and the reactance of a capa'eitor may 
vary' widely depending upon the applied fre- 
quency to a cir^guit and the varied setting of the 



capacitor • T^ie entire produi^rof ^trfC is di- 
videB into the number **1'', as shown by ouy 
. formula. > The »reason for that, in simple terms, 
is that the reactance of a capacitor Ib an in- 
verse function of the capacitance of >^capaci- 
tor. Tiie important thing here^ is to realize that 
the reactanca varies INVERSELY with the ap- 
plied frequency and capacitance. In other words, 
if we increase either jenpacitanoe or f reguenoy, 
we will find that capacitive reactance decreases; 
and vice-versa. This is exactly oppoj^te to 
inductive reactance where it varied ^directly. 
So, as you can see, capacitive and inductive 
reactance are exactly opposite values for the 
same applied frequency. 

Impedance 

Impedanop is *tte TOTAL OPPOSITION to 
the flow of alternating current in a circuit that 

jbontains resistance and reactance. In^a purely 

^inductive circuit^ the only resistance to a.c. is 
the reactance; t^erelore, the reactance would 
be Che impedance, or total opposition to cur- 
rent flow. In a purely capacitive circuit, the only 
resistance to a.c. is the reactance, therefore, 
reactance would be Jthe impedance. However, ip 
a circuit comprised of resistors, capacitors/ 
and inductors (which is nearly always the case), 
impedance woul^ be the .combined values of re- 
sistance, capacitive reactance, and inductive re- 
actance. They are all measured in ohms and must « 
be cumulatively figured to determine their com- 
bined effects in a circuit, which would be equiva- 
lent to the impedance of the circuit. / 

It should be polhted out that'it is the com-' 
bined effect of aU aljtheee properties that make 
up impedeinc^. By that we mean that you^^mnot^ 
add the ^reactances io resistance a^d find 
impedance. Imp^ance fxiSMk' be plotted bn 'agraph 
and solved geometrically. This is because the 
reactances are^^hversely proportional to each 

'Other as was mentioned earlier. We may only 
find their CUMtJXATIVE, or NET effect in a 

Asircuit. This value is impedance. 

Appendix m contains a iji^.of ^he formulas 
dlsjcussed In this chapter. " : 
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Chapter 3 
BASIC TRANSAAITTER THEORY 



In today's modern Navy^coiDniunicaUons is the 
nerve center. Without it» all of our sophisticated 
'Wenpoxay would be useless and coordinated naval 
^operations would be impossible^ Naturally» this 
oatlS;. f or comnounicatlons and equipment to be.1 
rellable» secure^ and rapid. Our efljuipments today 
are more complex than ever and are becoming 
more so* It stands to reason that^ with the' advent 
ci more complex comm^anicatio|ls equipments, 
communications itself will become more complex 
and capabilities will increase. « 

Transmitting - and receiving commuhication 
signals is the Job of the RM. ^ecpiving ^i^als, 
of course, involves receiving equipment, wherfeas 
the.transmiSQion of signals involves tfahsmitters. 
The thousands of pieces of com municatioris an- 
cillary and terminal equipment are worthless 
if our basic transmitters and receivers aren't 
working. It is, te'brefore, very important for 
you to understand basic transnlitter and re- 
ceiver theory. In this chapter, we will discuss 
the various types of communibations transmit- 
ters, their functional block Tliagrams, and 
associated circuitry. Your knowledge of com- 
munications equipment not only increases your, 
professional proficiency, it enchancesyour ^hipj? 
capability to successfully operate 'with ot^r 
units that may be in company as well as na.val 
sjiore-communication centers. . 



THE BASIC COMMUNICATION 
SYSTEM 
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Figure 3-1. — Simple Radio Communication Net^ 
work. 



Communications transmitters operate on fre- 
quencies ranging from 3000 hertz several 
gigahertz (GH?J). Most shipboard trwismitters 
operate in tlife medium frequency and high fre- 
quency (MF/HF) -bands of frequencies, as do' the 
receivers. The HF band lends itself well to 
lortg-range communications which would account 
for its extensive usage, \ 



In figure- 3-1, we show a simple radio com- 
miinieation network. In it we can identify each 
basic element needed te^ establish radio com- 
munications; a TRANSMITTER, a TRANSMIS- 
HSK^J LINE, and a TRANSMITTING ANTENNA; 
a MEDIUM (earth's atmosphere); and a RE- 
CElVERt a RECEIVING TRANSMISSION LINE, 
and a RECEIVING ANTENNA. If we took away 
any oq^ of these elements, we could*not ef- 
fectively communicate. 



In the very low frequency (VLF) band (3 - 
30 kitohertz (kHz), signals can be transmitted 
over long distances and through magnetic storms 
that tfight blank out higher bands. This band 
of frequencies is used primarily for the treuis- 
mission^f time standards, radio navigation, 
and fleet broadcasts. 

In the low frequency (LF) band (30-300 kHz), 
signals are used for long range direction 
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findings mediuro and long range communication 
amd'^aaronautical radio navigatiotw^ ^ 

In^thfi - n^fidi^wn frequency (MF) band (300- 
3000 kH:^, relatively longi distances can be 
covered. ^Tfie^international oistress frequency, 
500 kHZf is' in this band. Commercial communi- 
. cations facilities also use this band ex^nsively. 

' In the high frequency (HF) band (3 - 30 
megafiertz (MHz)), mobile and maritime com- 
munications units are primary users. 

The very high frequency (VHF) band (30-300 
MHz) is used for aeronautical radio navigation 
an|d communications, radar, and amateur radio. 

■ I 

The ultra high frequency (UHF) band (300 
MHz - 3 GHz) is used for short-range coiti- 
munication^i. 

This is only a partial listing of the us^ge of 
each band. To find a complete list of frequencies 
and usages, consult NTP 6 ^nd AGP 190. 

The overall purpose of a radio transmitter 
is to produce radiofrequancy (RF) energy' and, 
with its amplifiers, coupler, and antenna, to 
radiate a useful sigjnal. The basic construction 
of a **typical traifSmitter" is shown 'ip figure 
3-2.* There alf^^ many variations, of course, 
due to the m^y communication requirements,, 
but every tj*ahsmitter has the basic components 
shown in figure 3-2. vye will discuss each tranS-" 
mitter compon^i^t ^n detail as we progress 
through this chapter. 
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There are many types of transmitters in 
use_ in today's Navy. Each type^ has its own 
method of producing the kind of sipial f or which 
it was designied. Most transmitters are ba&icilUy 
simple ip what they do in that their basic function 
is to TRANSMIT. Howefver, the method by which 
thpy ' accpn^plish their partitjular .MODE or 
MODES ^methods) of operation may sometimes 
be quite'complex because of this complex circiiitry' 
contained^in the equipment. In this chapter, we 
will not" d<?al 'with the extreme complexities; 
;rather, we will deal .witlj the major circuits, 
and discuss their function^ in the various types 
of transmitters that we \^iir be talking about. 



CONTINUOUS-WAVE (CW) 
TRAl^SMITTER 



* ^ 20.201 

Figure 3-2.— "Stages of a typical transmitter. 



Continuous wave (CW) is tl^d principally for 
radio-telegraphy— that is, for the transmission 
pf short or long' pulses ol RF energy to form 
th^ dots and dashes (dits and dahs) of the Morse 
code characters. CW was the first type of radio 
communications used and is eSBent^«dly a long- 
range mode. Although the Navy no longer uses 
CW as a primary means of communication, 
it is still an alternate mode in most communi- 
cation situations. Some of the advantages of CW 
transmission are narrow bandwidth, high degree^ 
of intelligibility under severe* noise conditions, 
aod long-range capability. * 

/" . ■ ^ ^ " . . . 

The essential elements of a CW transmitter 
are (1) a genef^tor of RF oscillations, (2) 
a means of amplifying these oscillations, (3) a 
method of turning the RF. .output on and off. 
(keying), and (4) ah antenna to radiate thb keyed 
output o£ the transmitter. *A blpck diagram of ^a 
CW transmitter is shown in iigure 3-2. . 

As the block diagram shows, we satisfy Ihe 
four requirements ofTi CW transmitter. The 

^ OSCILLATOR is used to generate the RF CAR-" 
RIER , at the assigned or selected frequency. 
The BUFFER AMPXIFIER isolates the oscillator 

^from the stages electrically **downstream*' of 
it, thus preventing load oscillations and valua- 
tions from affectingtheoperation of the oscillator. 
The BUFFER also provides amplification of the 
signal coming from the oscillator. The POWER 
AMPLIFIER provides further amplifigation of the 
generated signal. The ANTENNA, oi coux'se, is 



used t^CK^adi ate the RF carrier, daiif Jhe POvVER 
SUPPLY provides all operating voltages for4he , 
components within the individual stages. 

I- 5 

One or more Stages of amplification may be ' 
u^jed between the- buffer and the antenna. The 
stage v^hichis connected to the antenna is usually 
called the' final Power Amplifier (PA), as shown 
in flgu;;e 3-2. Any other^lS^ges of amplification 
are known as Intermediate power Amplifiers 
,(II^A). In flgugft 3-3, we have shown a typical 
'transmitter fSKn the oscillator to the; power 
amplifier. The only difference Is that we have 
two IPAS between the buffer and the PA. 

The KEY is used to turn the! buffer on and'"off^ 
When the key iis closed, the carrier passes^' 
through the buffer stage,, and when the key is 
open, the RF carrier is pre/ented from passing 
'through. This key, of couifee, corresponds to 
the hand-key known primarily to Radiomen. When 
the key' is depressed to :send a dit or a dah, 
the current flows, and the path is closed to 
the \ PA. vVhen it is not depressed, no current 
'will^^low, and nO dit or dah' will be sent. 



Oscillator 



c 



The /^estion that should arise at this time 
is, '*vvhat is an oscillator?" This question can 
best be answered by defining what an oscillator 
.^does. The primary function of an oscillator is ' 
to generate a given WAVEFOKM at a constant 
anipMtude, at a specific predetermined or pre- 
selectedXrequency, and maintain this waveform 
withirT^rtain linuts. Most rf oscillators 'are 
capajDle of generating all jof "the frequencies re- 
quired by their associEvfed equipment. In other 
words, the oscillator of an Mf/HF transmitter 
can generate all of the frequencies^ required in 
the MF/HF band. Therefore, an oscillator is 
a non-rotating device for producifng a.c, the 



frequency being determined by t{?^chaj"aTcteri sties 
of the device. By n"characteristics of the d^yi©e'\ 
we mean that some oscillators gperate aftsfiiy 
one frequency while others may generate millions 
^ of different frequencies. 

The fact that a circuit is capable of oscillating 
does not make it a useful oscillator. A circuit 
must be able to generate sustained oscillations 
in a desired and controllable manner. Without 
the electronic ^oscillator, very few advanced- 
electronic circuit applications would be possible,, 
You will find that oscillators are used in alrpost 
every receiver as well as In transmitters, hi- 
though the job in each is different in nature, the 
oscillator still performs the same basic luncti on: 
It ^^rates an a.c. signal at a Gonst^nt amplitude. 
T.w^ frequency of the a.c. may vary depending 
upon the frequency selection desired whjen op- 
erating a transmitter, but an a.c. signal at a 
constant amplitude is a must. 

In figure 3-4, w^ have shown a typical trans- 
mitter block diagratn. , The only difference is 
the addition of a "feedback circuit." In a basic 
oscillator, the two main sections are .the fre- • 
quency-determln|ng network (the circuit ^-^t- 
generates the a.c. waveform) and a feedback-^^ 
network to help the oscillator sustain oscilla- 
tions (continue generating the a.c. si^al for 
?h it was designed). This feed-back signal, 
Bh has a low amplitude; normally emanates 
fr'^T one of the output stages of the transmitter • 
and is fed ba^k to the oscillator to provide 
HEGENER/\TIVE or POSITIVE feedback. Without 
going into tJ^ complexities of this, all we are 
doing is aiding the oscillator in its primary job 
of supplying the transmitter with the selected 
frequency. 

Nearly every piece of equipment that uses 
an oscillator has two main requirements of'^pie 
oscillator: AMPLITUDE STABILITY and FRE- 
QUENCY STABILITY, The rigidity with which 
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Figure 3-4.— ''Feed-back" path to the oscillator. 



these requirements must be met depends on 
the accuracy demanded of the equipment it 
serves. 

Amplitude stability refers to Ih^ ability of 
the oscillator to maintain a constant Wmplitufle 
output waveform. The less the d^eviatibn from a 
predeterijiined amplitude, the better istheampli- 

Frequency stability refers to the ability of 
the oscillator to maintain the desired operating 
frequency^. The less the oscillator drifts from the 
opQfa ting f requency, the better is the frequency 
stabiiltyT^ 

'The topic of oscillators is a very involved 
one. Much can be said about oscillators and ti^e 
many types. However, for purposes of our dis- 
cussion, it is only necessary that you know what 
a transmitter oscillator does; Generate a.c. at 
the desired frequency. For more detailed in- 
formation concerning oscillators, consult the cur- 
rent edition of Basic Electronics , NAVEDTk/\ 
-10087, Vol I. 



Buffer 



The BUFFER AMPLIFIER, or first I^^A, is ^ 
voltage amplifier that increases the amplitude of 
the oscillator signal to a- level that will drive 
the power amplifier (PA). The si^al deli vered by 
the buffer varies with the type of transmitter, but 
it may be hundreds or thousands of volts. 



^ 

The buffer serves two other purposes, ono^ 
of which is to i&plate the oscillator frbm the 
amplifier stages. vVithout the buffer, changes in 
the amplifier due to keying" or variations in the 
source voltage would vary the load on the oscil- 
lator and cause it to ciiange frequency. It may 
also be used as a frequency multiplier to in- 
crease the oscillator frequency to the desired 
operating frequency. Figure 3-4 shows the rela- 
tive position of the buffer with relation tb the 
oscillator and PA. 




'ower- Amplifier (PA) 



A trcmsmitter is a device for converting in- 
telligence, such as voice or code, into electrical 
impulses for transmission through space from 
a ratiiating antenna. The simplest transmitter 
consists of an oscillator which generates a high 
frequency radio signal and an Eintenna syste^ 
to propagate the energy. There are two d^^" 
backs to connecting the oscillator'directly to the 
antenna. The first is that the power output would 
be limited because there/.are no stages of iRF 
amplification between the oscillator aiyl-tbc an- 
tenna to build up the strength pf the RF sig 
Power output is important because it determine 
the distance over which the transmitted signal 
can be picked us ^ receiver. The other 
consideration is frequency stability. The* load 
impedance of the oscillator, in this case the 
antenna, that is reflected back into the frequency 
circuit has a great effect upon the frequency 
stability of the oscillator . The reflected impedance 
may contain both resistive and reactive com- 
ponents. The reactive components ^nfCy alter 
the frequency of the oscillator. A drift in the 
frequency of the transmitted sjignal would mean 
that a portion of a message "could be lost at 
the receiving end. 

^ To overcome the limitations of oonnecting an 
oscillator directly*^ to the transmitting antenna, 
' one or more stages of amplification are con- 
nected between the oscillator and the antenna., 
This is shown in block form in figure 3-^ 
It is in the FINAL PA that the generated signal 
is amplified to its largest value. The final 
usually has a greater gain with reference to^ 
its input, tKan any inte^rmediate amplifier. 

Power Supply 



Power suunlies do exactly as their name would 
indicat<i: Thfy supply power to the equipmenMor 
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which they were designed. A traiisnSj,tter, as well 
as amy other ^lece of electronic equipment, is 
, made up ofjBriany different circuits with nymy 
* componentflf^omprising each circuit. The poOi^er 
supply pixvides all of the operating voltages, 
both^ i.e. {u%ci d.c, to the individual components 
amd varlousi circuits. 

^ Most' power supplies must provide both a.c. 
ftnd d.c. at the same time to satisfy all of the 
requirements of the individual circuits. The 

^ ou^ut of a power supply is usually a,c* If d.c. 
is needed from the supply, the a.c. signal being 
supplied must be converted to d.c. Thisis usually 
done by a process called RECTIFICATION. vVhen 
an a.c. signal is rectified, it meeins that a 
cycle (3f a.c. is changed to^ULSATING d.c, 




]^ 7^.90 
Figure 3-5. — Stages between t&e oscillator sslc^ 
antenna. 



Ae. TO OTHER CIRCUITS 



or one-half of a cycle of a.c. Jo further reduce 
a rectified a.c. signal to a nearly constant- 
amplitude d.c, the sign^ must be FILTERED. 
Figure ' 3-6 -^hows the a.c. output of a po^er 
supply going to the various circuits needing a.c.^ 
and shows the $.c. being rectified* to v pulsating 
d.c* and then fl,lte;*^d\to^jn almost constant d.c' 

AMPLITUDE-MODULATED (AM) \ 
TRANSMITTER f . 



r 



Mod^Pl^n 



ate 



As we have already discussed, wh^hever we 
activate a transmitter, the oscillator generates 
a signal^ or waveform, that is constant in fre- 
quency and amplitude. This signal, however, does 
not convey any intelligence by itself. This out- 
put is called the CARRIER vVAVE, or^mply 
the CARRIER, and any informatlori ^jHae trans- 
mitted is added to it. This process of jidding, 
or superimposing, inform ation^n the carrier is 
called MODULATION. ^ | 

NVhy do we modulate? Why r\otfjusttrahsmltthe 
intelligence as it is, say, our voices on a voice net? 
The reason is really quite simple.^s you will see 
later, the longer the wavelength of a transmitted 
signal, the larger the antenna must be. Conversely, 
the shorter the wavelength of a^ansinltted signal, 
the shorter the antenna need be; Most speecmPrtP^ 
quwcies fall almost entirely belpw 3 kHz and to 
construct aor responding anteii|ras ashore would 
require promblti vely^ larg^amoiunfiB of land, be ex- 
pensive to construct, and corisume enormous 
ahiou^s oi power. To install silch antennas on 
ships would be practically impossible .^Theref ore. 
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Figure 3-r., ,\C signal beinff RECTIFIED and FILTERED. 
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the solution to the problen/of long wavelengths is 
to translate, or transpose, the voice information 
up into a higher^ part ■ of /the frequency spectrun) 
where wavelej>^hs are ^fehorter and more com- 
patible witfKpractical ante nn'^ sizes. Such fre- 
quency translation is. accomplisht>d by the process 
of modulation. The topic of wavelengths and an- 
tenna sizes is covered thoroughly in Antennas, 
Chapter 5, of this publication. ^ 

\Vhenev,er we modujkate, we^ combine the signal 
that we want to transmit with the carrier. In the 
AM transmitter, we are modulating the carrier 
wave with the voice. Figure 3-7 shows a typical 
AM transmitter and its basic block diagram. 
The idea here is to cause the output signal from 
the PA to vary in amplitude according to the 
current or voltage variations of th e modulat ing 
^ighal (the voice). As we n)ention^!WFI^5^Fia»e 
frequency of the voice is nmch lower than the 
frequency of the (^rrier wave generated by the 
oscillator, (^ur voices create a.c. waveforms 
whenever we speak and these a.c. waveforms 
vary at, the rate of our voice variations. Needless 
to say, the a,c. waveforn)S created by our voices 



are quite irregular with many high and many 
low points • to be seen if we were to look at 
our voices on the screen of an osoUloscope (a 
devlce^^sed to produce a visual representation 
of wa>^orms on a screen). Repeating, the desired 
result when amplitude modulating is to vary 
the output signal of the transmitter at the same 
'rate that the modjilation is varying. vVhen an 
information wave, normally referred to as a 
modulating wav^, is impressed on '^ carrier, 
the result is that^heir voltages [are combyi^d 
in such a manner a* to produce U COMPLEX 
WAVE (a wave composed of two or Viore parts). 
This complex wave is the modulated wave and 
is the waveform that is transmitted through 
space. In figure 3-8, we h^ve shown the. carrier 
wave (A), the modulating wave (B), and the com- 
plex-wave (C), The complex or modulated wave is 
contained inside the ENVELOPE. This envelope 
is the total bandwidth and amplitude of the trans- 
mitted complex wave. I 

' Let's refer back to figure 3-7 and define the 
various parts of the AM transmitter. As can be 
seen, the oscillator, buffer, and power amplifier 





Figure 3-8. — Carrier wave, modulati 

perform the same function as in the typical 
tjpansmitter discusj^ed previously. However, we 
have added a few necessary circuit^ that will 
accomplish amplitude modulation for us: A micro- 
phone, speech amplifier, driver, and modulator. 

The microphone takes the sound energy and 
converts It'lnto electrical energy. The diaphragm 
of the microphone moves in and. out in accord- 
ance with the compression generated by sound 
waves as you speak into it. The diaphragm is 
connected to a device that causes current to flow 
in proportion to the instantaneous pressure 
delivered to it. For good quality sound reproduc- 
tion, the signal from the microphone must cor- 
respond in frequency content to the original 
sound waveSj or your vQice. Figure, 3-9 shows 
the basic make-up of a microphone, in this 
case a crystal mike. 
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wave and amplitude modulated wave. 



The speech amplifier takes the signal coming 
from the microphone and builds it up to several 
volts at the input of tljejriver stage. The signal 
coming from the microphone is usually con- 
siderably less than 1 volt. The signal is com- 
prised of your voice waves being reproduced 
through the microphone. 

' The driver stage is njade 'up of power ampli- 
fiers that c(^vert the signal into a relatively 
large voltage. It does j\j^t-as its name Implies, 
it '^drives" the signal (to a very large voltage 
to build the signal to a level to modulate the 
carrier. 

The modulator is the stage that is con- 
nected directly to the power amplifier. It takes 
the driven signal from the driver and feeds it 
to the power amplifier in such a way as to 
alternately add to and subtract from the plate 
voltage of the power amplifier. This adding and 
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Figure 3-9. — Crystal Microphone. 



subtracting is done at the same rate of the 

audio modulation and forms the modulated wave 

shown at the output of the antenna. ^ 

> 

The result of modulation is that the amplitude 
of the RF field at the antenna is increased 
gradually during the time the audj(o frequency 
(af) output iS'increasing the RF^ower. Amplitude 
is decreased gradually during the time the a^ 
output is' decreasing the RF power. In other 
woirdSp during the positive alternation of the audio 
signal (between point 1 and point 2 in figure 
3-7) p the amplitude of the RF output wave is 
increased. DuriTig the negative alternation (l5e- 
tween point 2 and 3), the amplitude is decreased. 
Amplitude modulation consists of varying the 
amplitude of the RF antenna current (and 
output wave) gradually over the relatively long 
af cycle. Thus, the RF field strength is alternately 
increased and decreased in accordance with the 
af signal and at the af rate. 

AM Spectrum And Bandwidth 

As was previously explained, whenever the 
intelligence to be transnntted is superimposed 



on the carrier in the form of changes in the 
amplitude of the RF energy, the re suiting, modu- 
lation is called amplitude modulation or AM, 
• However, we do other things to the transmitted 
wave besides sin)ply to modulate it. 

( vVhen an RF carrier is modulated by a 
single audio modulating frequency, two additional 
frequencies are produced. One of the^^efre- 
quencies is the sum of the RF carrier .4jp the 
audio frequency. The otiher is the' diirorence 
between the RF carrier and the audio frequency. 
The Slim frequencies are Hnown as the UPPER 
SIDEBAND and the difference frequencies are 
known as the LOWER SIDEBAND. These new 
fr^encies are called SIDE FREQUENCIES be- 
cause they appear beside the carrier when the 
wave is displayed on a spectrum analyzer (a 
type of electronic device that displays waveforms 
^ioag a horizoatal axis, from left to right in 
ascending order of frequency.) Ea6h frequency 
or waveform shown by a spectrum analyzer is 
represented by a vertical line; its amplitude is 
represented by the heightt)f the line. The spectrum 
of an AM wave is shown in figure 3-:^^0. The 
carrier frequency (A) is 5 kHz and the modulating 
frequency (B) is 1 kHz. The lower side frequency 
(C) is .5 kH>: minus 1 kHz (4 kHz), and the upper 
side frequency (D) is 5 kHz plus 1 kHz (6 kHz).^ 
TMs is the type of display that would be seen* 
on a spectrtmn analyzer. 

Note that the modulatingj frequency in fig. 
3-10 is not part of the spectrum of the modulated 
wave. It is, however, represented in that spectrum 
twice: Once by the lower sideband, and ohce 
by the upper sideband. Notice also that the ampli- 
tude of eaclv side frequency is only one-half 
that of the modulating wave. In the power 

contained in a modulating wave is redistributed 
equally between the sidebands produced by it. 
This redistributed energy adds to the carrier 
power to increase the total ajnount of energy 
radiated. This process of combining two fre- 
quencies in such a way as to produce sum and 
difference frequencies is called MIXING or 
HETERODYNE action. The space which a carrier 
and its associated sidebands occupy in the fre- 
quency spectrum is called the BANDWIDTH, 
If the carrier and the modulating signal are 
constant in amplitude, the sum and difference 
frequencies will also be cons^tant in amplitude. 
However, when the carrier and the sidebands 
are combined and could be viewed simultaneously 
with an oscilloscope, the resultant waveform 
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Figure 3-10. — Carrie \ Modulating Wave, and side frequencies. 
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would appear as shown in figtfre 3-11. This-re- 
sXiltantV wave is called the/SlODTTLATION EN- 
VELOPE. 



Spectruim For Multipie|]Vlodulation 

Multiple-modulati^in simply nieans modulating 
a carrier with more than one frequency. Instead 
of having one , upper sideband frequency jfand one 
lower sideband frequency, we have more than one 
of each. More simply .stated, we have a band 
of upper and a band of lower sidebands. Each 
frequency in the band produces . its ovjn pair 
of side frequencies, resulting in a mucrr^more 
complex spectrum. This is shown in- figure 
3-12, as seen on a spectrum analyzer. Notice 
that the bandwidth is equal to twice the moda^ting 
frequency (BW = 2 x Highest Mod Freq). Tk^s 
is a constant in all modulated waves. ^ 

The lowest frequency of the modulated wave 
in figure 3-12 is .2 kHz (A). It produces a 
lower side frequency (B) of 4.8 kHz and an upper 
Side frequency (C) of 5.2 kHz. The next highest 
modulating frequency (D) is .6 kHz. It results 
in a lower side frequency (E) of 4.4 kHz and an 
upper side frequency (F) of 5.6 kHz. The highest 
modulating frequency (G) produces side fre- 
quencies (H and I) of 4 and 6 kljz respectively. 
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Figure 3-11. — Formation of the modulation en- 
velope. 

Those side frequencies in figure 3-12^hat 
are higher in frequency than the carrier are 
referred to collectively as the upper sideband. 
It can be seen that the upper sidebancj^s an 
exact replica of the modulating wave. Theol*der 
and spgecing of frequencies arfe the same as in 
the modulating wave, anti their relative ampli- 
tudes are the same (even though the modulating 
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Figure 3-12. — Modulatihg^wave on left, and the r^ultant modulated wave on right 
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way .e ] 
upper 
that ' 



rave only one-half of its amplitude to the 



change in the frequency content of ea'ch sideband 
sideband.)' It is appropriate thek to say whenever a change occurs in the frequency content 
e information contained in the modulating lof the modulating wave. For example, in standard 
wave has merely been translated, or transposed. Voice transmissions, the combination of fre- 
to a higher part of the' frequency spectrum. quencies being produced by the speaker's vocal 

* cords is constantly changing. Therefore, there is 

Those sid^ frequencies that are lower in ^^^^ ^ Continuous change in the si)de frequencies 
frequency than the carrier are referred to col-*, produced. Figure 3-13 shows fee output of an A^ 
lectively as the Icnver sideband. The lower side- ^\ transmitter being modulated with voice variation 



band is. an ipverted repjica, or mirror image, 
of the"^podu\ating w^ve. The lowest modulating 
frequency (t^. is represented fey the highest 
frequency in tnl^ lower sideband (B), and the high- 
est modulating frequency (G) is represented by 
the lowest frequency in that sideband (H). Despite 
jfefiTs^ti^equency inversion, the lower sideband is 
f an exai^ple of the information contained in the 
modulati^ wave being translated to a higher 
<, part of th^requency spectrum. 

When both the upper andTower sidebands are 
present and they contain identical information, 
the waveform is known as DOUBLE SIDEBAND 
(DSB). 

Whenever a modu jatog frequency changes in 
amplitude, that diflan^PTreflected by a corre- 
sponding change in the amplitude of the 3ide 
frequencies produced ^ by it. There is also a 



The alternate adding .and canceling effects pf 
the voice sicp waves on the c'ari>ier shape 
the carrier, or e?nvelope, ait the output. 



Percent Of Modulation 



V 



The depth or degree of modulation is defined 
in'term^ of the maximum permissible amount of 
modillation. Tlfevjcnodulatjion envelope in figure 
3-l^shows Ue cmitiitioBis for 100% modulation. 
For tms de^ee of motiulation, the voltage of 
the aufiio signal, at its peak, must be ecrual 
supply voltage to the final PA. Unqpr 



to the 



this condition, the BF output voltage will reach 
zero on the negative peak of the modulating 
signal and will rise to two times the amplitude 
of the itimodulated carrier on the po^sitive peak 
of the modulating sj^al. 
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Figure 3-13. — Outpfit of AM transmitter. 
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Figure 3=-14.'- Conditions fo;: 100% modulation. 

When analyzed, the modulation envelope in^^ 
part (A) of figure 3-14 is found to consist of a^ 
carrier and two sidebands as shown in part (B). 
Since lot 100% modulation, the peak audio modu- 
lating voltage is'approximately equal to the peak 
;RF voltage, the combined sideband voltage is 
equal to the carrier voltage. Because the side- 
band voltage is divided betweerr two sideband 
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frequencies, at 100% modulation each side fre- 
quency has an amplitude equal to one-half the ' 
amplitude of the carrier. 

Although it is desirable to operate a trans- 
mitter at 100% modulation in ordaf to ^inject a 
mfLXlmuixi amount of energy into the sidebands, 
this ideal condition is seldom pos^ble when a 
carrier is modulated^by voice. The reason for 
this is the great and rapid fluctuations in ampli- 
tude that the voice normally contains. When the 
modulator is properly adjusted, the loudest parti' 
of the trtbsmission will produce 100% modula- 
tion. Thet quieter portions of the signal , will 
produce lesser degrees of modulation. 

In ordejr to nneasui^e degrees of modulation^^ 
less than 100%,. if is convenient to use a MOD- 
ULATION FACTOR (M) to indicate the relative 
magnitude of the RF carrier and the audio mod- 
ulating signal. Numeric^ly, the modulation factor 
is as follows: 



Ein 
EC 



where: 



M = The modulation factor 

Em = The peak, peak-to-peak, or RMS 
value of the modulating voltage 

Ec = The carrier voltage in the same 
units as Em \ 



TO illustrate the use of this equation, assume 
that a carrier wave having a peak [amplitude of 
400 volts is modulated by a '3 kuk ^^ne wave 
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having a peak amplitude of 200 volts. The mod- 
iilation factor is: 



complex waveform, such as speech, would create 
more frequencies in the sidebands. 



EKLC 



M 



Em' 

e;c 



M = 



M 



200 
400 



0.5 - MODULATION fACTOR 



If the modulaHbn factor is multiplied by 100, 
the resultant quantity is the PERCENT OF MOD- 
ULATION (%M): ^ 



Where: 



EC 

Em = 200 volts 
EC = 400 volts 



The percent of modulation is: 



' The intelligence carried by an AM signal is 
contained in both sidebands. The amplitude of 
the intelligence fc represented by the amplitude 
of either sideband, and the frequency of the 
intelligence is the difference between the carrier 
frequency and the sideband frequency. Since the 
intelligence contained in one sideband is a dupli- 
cate of the intelligence contained jpr the other 
sideband* only one siddband is required for com-/ 
munication. The other sicleband may be eliminated 
by the use of filtering. As the carrier is totcilly 
unnecessary for the transmission of intelligence, 
it too may be filtered out. However, such com- 
munication depends upon the reinsertion of the 
carrier ^t the receiver in orde^O achieve the 
properly demodulated frequence. This par- 
ticular sideband system is referred to as Single 
Sideband Suppressed Carrier (SSBSC). communi- 
cation. Figure 3-15 shows an AM spectrum ana- 
lyzer presentation. Figure 3^B ,is a spectnmi 
analyzer presentation of a sii||Jpideband signal. 




%M = 0.5 X 100 ) 
%M = 50%. 

transmitter is normally rated according to*' 
the amount of UNMODULATED CARRIER POWER 
it is designed to deliver to an antenna. At 100% 
modulation, the sidebands contain one-half as 
much p^er as the unmodulated carrier. If we 
were to reduce th^ percent cJf modulation to one- 
half of its original value, the sidebjand power ^ 
(fecreases to one-fourth the amount obtained at f 
100 percent modulation. This, shows the -im- 
portance of a high percent of modulation. ^As \ 
you will see later in this cliapter. the amount \ 
of power contained in sidebands is very im- 
portant. 

SINGLE-SIDEBAND (SSB) ^ 
TRANSMITTER 

* 

It was shown that an AM signal may be 
considered to consist of a carrier, an upper 
sideband, and. a lower sideband. The spectruip 
cuialyzer representation of an RF carrier mod- 
ulated by a single audio frequency }^ shown in 
figure 3-10. It should be recalled that a more 
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Figure 3-15. — AM Spectrum Analyzer presenta- 



tion. 



CARRIER 
POSITION* 




\ 



FREQUENCY IN MHz ' 10,10.001' 



179.441 ' 



Figure 3-16. — SSB Specttutw Analyzer present^^^ 
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The/ upper sideband has been chosen in the illus- 
tranon for transmission/ However, either side- 
band could have been used. 

9 

Single-Sideband 

Now that you kjv)w basically what is meant 
yby the term *^SSB^\ let's t^ a loolc at some 
/of the advantages of it. One advantage of single 
1 sideband is reduced bandwidttT^equirements^ If 
double- sideband signal requires 6 kHz for 
transmission, the same intelligence can be trans- 
mitted in only 3 kHz by eliminating one side- 
band. This 50% reduction in the required band- 
width is extremely valuable in conserving; the 
pver crowded HF spectrum, where the number 
of available commi\iiication channels is severely 
limited. 

The second advantage of single sideband is 
" the conservation of power. In DSB transmissions, 
about two-thirds of the tifcansmitter'output power 
goes into the carrier and about one-sixth into 
eaqh sideband. When one sideband is eliminated, 
the power it\ would have received can be put 

- into the- remaining sideband, which will then 
contain about one-third of the total power. The 
type of signal that results from eliminating one 
sideband but leaving the cai|rier undiminished is 

»known as SINGLE SIDEBAND FULL CARRIER. 

The main function of the carrier is to provide 
; atmeanfe by which an information wave can be 
pr^agited up into the de^^red portion *of the 
. frequency spectrum. The carrier itself contains 
^ none of the intelligence, byt is needed at the 
receiver to aid in dem<j|^ulation (recovery of the 
intelligence) and to prowf^e a sigijal for auto- 
: matte recej^ve'r gain coritrol. There is,<iiowever, 
. no need for the carrier to be at its full power 
o level, 'and it is oft^n bseatly reduced. This is 
, referred';to as SINGLE SIDEBAND REDUCED 
CARRIER, ^his allows tji^ '*«jiiount Qf power 
taken from the carrier 'to tej added to the in- 
telligence contain^ ih the ^^and. 

In order to cdmplet^fly eliminate the need for 

- the carrier in the demodulation process, SSB 
^ receiving equipment generates a^signal of 
/^>Mne frequency vas the carrier, reinserts the^ 
v^car^ier, and xieBo odulate s the resjrfr to obtain 

the original modulating signal. Therefore, there 
Is no longer any point in transmitting the car- 
: rler. It can be eiiniinated at the transmitter 
" after being used invthe process of increasing 

- the frequency <of the intelligence sideband. All 



of the radiated power can then be added to the 
sideband being transmitted. As was mentioned 
pre^^ously, this is known as Single Sideband 
Suppressed Carrier.' 

Whenever one of the duplicate sidebands of a 
doable sideband si^al is discarded, the position 
formerly occupied by tha» discarded sideband can 
be used to transn^it a second,, but independent, ' 
sidebana on the same carrier. The upper side- 
band is produced by one information source, an'd 
the lower sideband is produced by *a seco^ 
information source. Since the two sidebands aisb*" 
separate single sidebands sharing one carrier^ 
such a transntission is referred to as INDE- ^ 
PENDENT SIDEBAND, or DOUBLE ' SINGLE 
SIDEBAND. Independent' sideband can be trana- . v 
mltted with full, reduced, or suppres'se^carrier. ^ 

The ^ advantages of SSB communications are ' * 
as follows; 



lar^Br 



ntional 
mus^ 



(1) Minimization of distortion: In 
AM, the two sidebands and the car: 
a,rrive at the receiver with the same phasd* 
relationship as wheni^they were transmitted^ if 
not, the received signal may be fU^zy and \ dis- 
torted. With suppressed carrier SpB^ lioweyer, 
these problems are minimized because only one, 
sideband is transmitted. 

(2) Increased effective power: ^With s\^p- 
pressed carl-ier SSB,. virtually all of the trans** 
mitted power goes into the sideband carrying 
the intelligence., this gives SSeI much greater,- 
range, pr distance capability. 

(3) i)ouble the numWbr of chglnnels: In sup- 
pre^eg^carrie» SSB,jjine number of channel! 

« u^g the , sarnf frequency in the spectrum, ife^ 
doubled. ^ i 

(4) Reduction of interference: In nOTmal voice 
transmissions, using AM, the carried remains 
on the air as long as the **push-to-talkL* button 
is depressed. In SSB, as soon as the iiSdividual 
stops speaking, talk power- in the ^i^band leaVes 
\he air. Whenever two carriers are keyed si-- 

_multaneous1y in AM, squeal&*and howls may re- 
sult. This is caused by two carriers heterc^dyning 
together at the receiving ^nd[l JrT SSB; even 
though two stations key simultai^eously, it may 
be po(feible for the receiving station to read 
through tfib^ lnterfering>tation. 

Btunctional SSB T:^ansmitter 



^Figure 3-17 shows a fCiMtipnai block 
of a basic SSB transmitterCrhe input sigrii 
sSired intelligence signal and ^Wi 



ba^any dee 



agram 
may 
cover 
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Figure 3-17. — Basic block diagram of an SSB transmitrag system. 
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all or aiqtpart of the frequency range between 
•1 and 6 Vj^t. 

' The SSB generator produces the SSB signal 
at an intermediate frequency (IF). To produce 
the SSB, a double sideband tDSB) signal is gen- 
erated by* the generator. It is then passed through 
a highly selective filter to reject one oi the 
sidebands. These filters may be either crystal 
j6p>jnechanlcal . 

The generated SSB signal is passed thrcpgh 
xntxers ancL amplifiers where it is convei^d to 
tiie tranflmitted ilF. A SSB system without a 
^l^br:detowids a^ extremely stftbter^^ 
^B^IP . ITh^ref ore ^ fii^ f l*e^ stahdard 
and^t^iUzed ma^r ^^^^^ are ex- 

tremely i^pot1&tf|tf r 
r" Thte stfiidar^rej^Shcy is oljfained from a 
highly stable -^ii^stfir oscillato^. The cfystal 
. oscillator is very' sensitive to temperature varia- 
tioas; ^therefore» it is house4 in^ ^l\at is re-, 
feared to as an **oven"^.JCliis oven has a heat- 
' sensitive neti^rk thay Indicates and corrects 
any ten)t>orAtur«Lvaria^on in the Crystal network. 
Jhis i0 done elSmponically and serves to main- 
tain U)§ stability oKm6 master oscfllatot. 



^ 'pud-^^^^x^ i;ifi:o^6QS the IF car- 

^^-^t^xSt^M&^d to prdducV the fixed IF SSB signal, 
4nd the SMO provides the necessary conversion 



frequencies to pr9&uce the RF S§B signal. The 
frequencies derived from < these two units are 
developed" from the single standardfrequency ao- 
that the ^stability of the stan^d frequency pre- 
vail^ throughout the SSB^ systefti^ The • 2 to 4 
MHz frraoency Tstnge of the jp^O is a very 
'practical( range for obtaining Wgh osciHator 
stabiUty.^T^ 300 kHz fixed IF ijT^e optimum ^ 
operating f^-equeiicy for the? filter required in 
the SSB generator; " ^ - 

The output of the SS6 generator and carrier 
^nerator are mixed and ampltJiedg thenXfed to . 
""In' RF Amplifier that amplifies the^signaf^ aAd 
f routed Xo t^r«atfim|a for radiation into space. 
» The f requeltSy ' accuracy Vequirements for single^ 
sideband communications are yei^y precise when 
compared to most other communication systems. ♦ 
A frequency error in. carrier reinsertion, of 
20 Hz or le^s will give good voice reproduction. 
Errors of only 50 Hz result^in noticeable dis-. 
torljion. This is considered the maximum el-ror 
allov/able in S§B. . 

SSB Receivers 

Figure 3-18 shoves a block diagram of a ba^ic 
SSB receiver. A basic SSB receiver is not slg6fi- 
cantly different^ from a conventional xfi^uperfr 
heterodyne AM receiver. However, a special 1 
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of detector awLji carrier rein 
ipuBt be used. The carrier reins^rtio: 
musj insert a^ carrier in'^the 
at a frequency which cor re 
a6tly Mdth the relative positio: 
in the origin^ spectrum. The 
SSB receive re ser ve sev/ 
previously stated, many SS: 
in a small portion of the frequency spe 
Filters supply the sele^ivjty necess 



o^llator 
(^illator 
letectJ^r* circuit 
ost 

of the 
filtfers 
pufpo^es; 
.al6 ^€ 



to 



ade^quately receive only on^-^f fee many signals 
which may be present. They, may also select 
; USB or LSB operation as well aa ifeject noise 
and^ther interfejrfSnce. 
\ 

The oBcilfators in a SSB receiver ini^t be 
extremely stable. In some tyi)es 'OfNSSB trans- 
njission, a frequenpy stability of plus\or minus 
2 hertz is required. Fo^ simple voice\dom muni- 
cations, a deviation of plus or minus^ hertz 
may be within tolerance. T\ 

SSB receivers may employ Additional circuits 
which enhance frequency stabilWy, improve or 
provide awtbraratic gaii^ontrol' (AGC). The cir-. 
cults contained in fise 3*18 will be found in"^ 
all^Cl^^ sideband receivers. 

'^he need for extreme trequency stability may 
Jte understood if you consider the fact that a 
-E^small deviation in local oscillgtor frequency, 
from the. correct value^ will cause the jnixer 
to be^'displaced from its correct v^ue. In double 
^ sideband AM reception this is not too damaging, 
. ""Mhce * theWcairrier and the sidebands are sdl 
present la^ wilt all be displaced an equal amount. 
Therefore, the relative pjositions of the carrier 
and sidebands will be retained. However, iit 



The* carrier/^ reinsertion oscillator frequency 
will be set to corresj^nd to the IF frequency 0f 
the .^Qfttrier if a farrier werp present. The/^ 
rier Reinsertion frequency is determined 
localtosciflator faiequency. / 

'* \ f ' - ' 

T,he detector most commonly us^d fM^^^SSB 
reception is the '/product'' detector, jpris so 
call(;ji because under ideal operating cync^tions,* 
it^-c output .amplit)ti(fe is proportional toTthe p^ad-*, 
uct of fcde amplitude of ^he-winserfed carrier 
and the SSB s^al. The IF signal wld therein- , 
«ert( id carrier are. heterc3dyned ii> 4i»^dete6tor| 
The reinserted carrier amplitude mu& be cqIP 
Bide Ably higher' than the IF amplitud«^\Av car- 
rier mat is too small in relative amplitudKwould 
result distortion o^the output sighalV 

FREQUENCY MODUsL^VTION 

Intelligence tb be transmitted may^be super- 
imposed on the carrier in ^ form ^SPohangs^'' 
in the frequency of the* carrier,. This tgpe w 
modulation is^own afe FREQUENCY MODULA- 
TION. Thp darrier -frequency can be vgu'idd a 
small amount b^^eifehfer side of its averj^gei or 
assigned, ^alue by means of an ^udio ireqaincy 
mqctolating'. 'signal.- The amount 'the carrier is 
varied depends on the ajfrtplitude of the modul ijt^bg 
signajl. The rate at which the cari;;ij3r fr^qutehcy 
is yaried depends on the fcequency of the mod- 
ulating signal. The ajmplitude of the RF career 
remains .CQjn^ant With or without modulati 

Ihe most simple rpettiodfef egtakilishing fre 
qUency modulation is to hj,TO a 'mi^nppho^ con- 
nected into ' the " oscillator 'cifcoft of the 
transmitter. When^you speak ^into the mVcrophone 



/ 



*SSB receptioiv, there iano eerier pre^nt in the circuit at a momentarily^ low fi;equency, the 
incoming signal. ' . f " \^ ofecill^or frequency is cbfuiged only ^a few times 
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per isecond. If the sound waves are higher, 
the oscTjflator frequency is cl^anged ujore tinies 
per second. When ♦ttje so3nd wa>ves have low 
anpplitude, tbe extent of ^ the o«jcillatdr frequenC3j| 
change' is small. Jius, the frequency of the aT 
signal , deter mines the number of times pervsecond 
(RATE/qF DEVIATION) tjfat the Oscillator fre- 
quency^ changes. The amplitude of the af signal 
4eterj:nines the ^xtent of the peculator frequency 
change (DEJ^REE OF DEVIATION). Figur^e ^-19/ 
shows a basic block representation of art audia 
signal being fed into the oscillator inpHijjt cw/- 
cults. As you can see at the output, the oscillator - 
frequency is slightly different because of the 
modulating frequency. 



FM Sidebands 



\ 



are produced. These additional frequencies are' 
equal 'to whole numlfer multiples of the basic 
pair'. These exact multiples of the basic frequency 
*are called HARMONICS. Igor example, ff wft * 
^distort a 3 kHz. sinewave, multiple sine waves ' 
of 6 kHz, 12 kHz, 15^ kHz, etc. yvill be/created. 
The original frequency- of 3^Hz iS' ' referred " 
to ^ the 1st' harmonic, pr the FUNDAMENTAL" 
F^lEQUfeNCy. Double that frequency* is the 2nd ^ 
harmonic^,- three timas that is the^ 3rd har-\^. 
moniC; and\ sp on. Although theoretically the^iieN^ 
iidebands extend b\itward from the carrier in- ^ 
"definitely,, only a- limited number of them coh- 
taih significant pow^r ,to be heard. The further 
from, the fundamental frequSfi]cy that, thh ^^"^ 
monic is, the les^ powetsit will have. 



h hhr- 
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During the process of frequency modul^ti,^n, 
jiist as during, amplitude modulation, new fre- 
quencies, called sideb^^nd frequencies, are^pro- 
djiced above and below the unmodulated ca^rrier 
frequency. TheJ^e sideband frequencies contain the 
'signal intelligence, as in amplitude nrsdulation, 
and conybine with the unmodulated carrier to pro- 
duce th6 modulation carrier previously described. 

The significant difference bet^^iir^n /AM ai)Ci FM 
sideband frequencies is the number produced. If 
youM^ecall, in amplitude niodul^ti^nv-tivo side-' 
bands are produced for evepf'^niodulati^g fre- 
quency. One of tMse sidebknd fjreqaenc^es is 
e^al te- th & sum of the modblating and carrier 
frequencies and is above tlie\carrier frequency. 
The other is ^quaf^ to the diff^i^erfceMbe^W 
.the modulating and carrier freq|iencies and is 



below the carrier frequency. In jiM, each rqM- 
ulating frequency p'^oduces a similar pair of 
'sum and diffe.rence sideband firequ'en^ies... How- 
ever^ in addition to the basic pair, atneoretically 
infinite number of additional sideband frequencies 



You wijl recall that in amplitude '^rpodul a ti on* v 
the fitlnplitude of the sideb^d frequeiicies, or the", 
power contained in them, was independent of the:^ 
amplitude of thejKinmodulated carrier ^d depend- 
ent only" on the amplitude, or power, of the mod- 
V ulating^ signal. In FM,- the , situation, is different. 
, Thei;5sidebajfds derive their,power from the car- 
■ rier, whidS means that the unmodu^lated car;rder^ 
componejit of an F^ wave has>less po\^er, or 
a smaller amplitude, after pnodulation than It do^^s 
befdre moi^Ui^ation. T^Q amount of power re- 
moved froro t^e ' carr.iet land placed in tbe'slde- 
^li^ands depems )>j^'the niodulating frequencies and 
tHe ^max^muhi' deviation of the carrier. It is 
possible under -certain conditions for £he dar- - 
rler power to be zero, with all the power coh- 
^ talned in the sidebands. This, of course, is the 
ideal situation since the C£\rri^r itself contains 
no intelligence." - 

f 

FM Bandwidth * . • 
' ' f ' ^ 

Previously, we said that the tetm V^f^^" 
widtH" meant the entire, range of frequencies 
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Figure 3-19. — B.isic process of frequency modu^ationl (FM). 
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In a mo^ulaiedy wave. Because of the niaQy. side- 
band frequencies contained in FM \^ves, only 
the* significant ^frepquencles are included in Its 
bandwidth. The bandwidth of an FM wave lis 
the frequency range between the, extreme upper 
and ftie extreme lower Sideband frequencies 
whbse amplitudes are 1% or more of the un- 
modulated carrier amplitude. ' 

When an FM wave has a very wide bandwidth, 
it Is called WIDEBAND FM an^ requires the 
use of carrier frequencies mach higher than 
those used for Alfc carrying similar Intelligence. 
Xbes^ high olrrier frequencies are necessary 
BO that' a, maximum number of FM wjtves can be 
^transmitted by radio without interfering with 
each Other. In wideband FM» tnany of .the side- 
band frequencies are included in the bandwidth, as 
shown in figure 3-20. ' 

It Is possible,' by limiting the maxintuni devia-'^ 
tion of ^ the FM carrier, to, produce PM having 
the sani9?t)andwidth as an AM wave carrying the 
sapi& Intelligence. This is called NARKOWBANCV 
FM'tsee figure 3-21). While this process cause's^ 
some distortion of the intelligence, it allows 
carrier frequencies to. be used that are lower , 
than^ome required fo^ wideband' FM. 

T^e balndwldth of modulated wave i& ini- 
]^rtant for two rea8©)?(s: (Ij It 'determines how 
much space or room ini the > radio frequency , 
spectfua> the- wave wil^ occupy and (2) it deter- 
mines the J[*arige of trequencies bver\vhiclT the 
electronic circuits ns&d to receive sind process 
the wave must bo capable of operating. 

AS far as the radio frequency spectrum is 
concerned, 'all of the modulated waves trans- 
mitted by Tadio in any one geographical area 
•must dccugy (different places in the spectrum. 
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Figure 3-21. — Spectrum of NARROW'BAND FM. 

Otherwise they will interfere with each other. 
For example, the Ipwer frequencies of a mod- 
ulated ^Avave with a rOO MHz. carrier and an 
8 kHii bandwidth would ojtterlap and' Interfere 
with tjie* upper frequencies of a ^9 MHz car- 
,rler with an 8 kH:: bandwidth. You can see that 
InlerferQUce between radio waves can be avoided 
either .by xeoucing bandWidths or by moving cay-- 
rier. frequencies farther apart. However, if band- 
widths are made too rjafrrow, distortion of t!he 
intelligence carried by the wave will .result 
since many of the sidebands which contain the 
intelligence will be eliminated. On the other 
hand, if carrier frequencies are too far apart, 
a very limited" number of radio waves would 
completely fill the radio spectrum. ^ 

Modulation Index 

In FM, the modulation index'is the ratio of 
the carrier's frequency deviation to the modr 
ulating frequency. Expressed as an. equation: 

Fd • ^ 

Fm 

M »=5 lljodulation index ^ 
Fd -"^j^s^p^ency deviation of the carrier 

aency of the highest mod- 
uliiting signal - ^ 



M =■ 



where: 



Fm 




A carrier's frequency deviation is the amount 
pf '**swing'' or deviation, in kllohertz; -j;^ mega-, 
hertz, caused by modulation %lth audio. 

For example, a '^niaximufn deviation of -75^ 
kHz on the frequency bands up to 1Q8 MHll 
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can be interpreted in terms of percent by re- 
feirzl'ng to this carrier ^wing as a limit* and say- 
ins that '75- kHz is 100 percent niodutati on when 
t» carrier Is allowed to swing to this maximum , 
Overmodulating, or overdeviatlng, will occur 
If the roaxi|Tium carrier swing is exceeded. 
TransmiSBjon^ is not particularly affected, but 
audio distdrti on may result. Moreover, the band-- 
width or part of the cominiinlcatlon frequency 
band occupied'^by the carrier then exceeds H^e 
limits assigned to it by law. 

Percent Of Modulation 

t • - ' 

In AM, 100 pejcent modulation exists when 
the amplitude of tSe envelope • varies between 
zero and twice its normal unmodulated >>alue. 
There i^ a corresponding increase in power of 
50 percent. ^ 

In FM, 100 percent modulation has a dif- 
ferent moaning. The af signal varie^ Only tlje 
frequency of the oscillator. Therefore, there 
is 'a* constant power input at the trankn^^^titong 
antenna, regardless of the degree of modutanon. 
A" modulation of 100 percent simply msansjhat^ 
the carrier is deviated in frequency by the £uH^ 
permissible amount. For example, an 88 MHi'^ 
FM station has^lOO percent modulation wl;ien its 
audio signal deviates t* carrier 75 kHz, above 
and 75 kHz below the 88 MHz carrier, when 
7,5 KHiio is asfiumed^to be the maximun) per- 
missible frequency s^ing. For 50 percent mod- 
ulation, the frequency would^ be deviated 37.5 

kllz above and below the resting frequency. 

. . . . ^ 

TRAlS^iTT ER T ROL BL ESHOOTING 

Visual checks and- 4|ignal tracing used to 
tropbleshoot reeeiverS^'^e not used as such 
when you^ snoot ' transmitters. Because 

of the -high fcitages present in transmitters, it 
is not safe TO work with then) while they ^re 
energized. Jlpteref ore, an alternate method as 
provided by^ means of meters mounted on the 
front panels of iransmttters. These front panel 



iters ' are permanently wired (or may be 
tched) into ^arioui^ transmitter circuits, and 
most basic trqvibles can be isolated by using only 
' these meters.' " . 

Safety Precautions ^ 
- \ • , 

Most circuits jn transmitters operate with 
very high voltages. Therefore, it is dangerous 
to reach inside a transmitter to measure voltages 
or to change a part while the power is on. This 
may seem obvious to you, but it is a much violated 
rule. 

Navy transmi^ers are designed to j^otect 
you from accidents that could happen through 
carelessness. The^ have access doors through 
which you can remove bad components. If you 
open one of these doors whq^n the. transmitter 
is on, the power should turn off automatically. 
The doors operate s\Yitches,calledINTERLOCKs, 
which are connected between the on/off switch 
ap^ the ci r cuit s of the tr ansm ittar . When an 
access door is open, the interlock is opened 
Hi^a|vd no power is applied to the transmitter. 
« vfee'cause of the important role played by aninter- 
^lock\ unauthorized shorting out of an interlock 
ip a very dangerous practfce. 

*There is still a possibility of a serious shock, 
even when you turn the power off before reaching 
into a transmittei:;. \A fault in the circuit may- 
have prevented a caWcitor from discharging, 
and your body may p^vide a discharge path. 

As a safeguard against a shOck due to charged 
circuit capacitors, a shorting bar, consisting of 
a metal rod with a wooden, handle, is used. The 
m^tal end is connected to the ground of the 
transmitter through a copper braid. Befor^ put- 
ting your hand inside, probe about with the short- 
ing rod, touching every point which rtilght 
conceivably be charged. If nothing is charged, ' 
this procedure cf^ts you about 30 seconds; if 
something is charged, the shortingrod discharges 
it, and the ♦procedure saves you from injury or 
death. - 



CHAPTER 4 

BASIC RECEIVER THEORY 



Just as we must have transmitters to trans- 
mit radio waves, we must also have communica- 
tion receivers to receive these radio/ waves. 
Whether the transmitted signal consists of en- 
* coded characters and intelli^nce or is ainpli- 
tude modulatedt we must have a receiver capable 
of handling, that particular type of transmission 
aftd converting it into a useful output. 



a discussion of the manner in which the re- 
ceiver accomplishes, this, let's briefly review 
the origination of the transmitted wave^ Figure 
4-1 illustrates the block diagram of a basic 
trani^itter and the nature of the input and output 
of each major sectioa» In AM, the microphone 
converts the sound waves into an electrical 
signal which varies in frequency and /ctmplitude 



in accordance with the original sound. Since the 
It is necessary that communication personnel p^signals from the microphone are very weak. 



have an understanding of basic receiver theory. 
^ Not only does this understanding enhance your 
ability to pads advancement examinations, but it 
also provides your command with a more pro- 
ficient watchstander, capable of recognizing basio^ 
trouble-symptoms and correcting them before 
they- become major problems. 

The purpose of this chapter is to give you 
an overall view of the manner in which a re- 
■ ceiver con vert'P' the electromagnetic w^ve re- ^ 
ceived. by the antenna into the type of energy 
that satisfies comn]unicati on requirements. In 
other words, if we are transmitting AM, the re- 
ceiver, must convert the- received ener^ yito 
intelligibie sound. If . the transmitted signal is a 
fleet teletyf>e bxX)adcast,^the receiver must con- 
vert the received energy into teletypewriter 
functions to print out the desired characters. 
We will accomplish .our atudy of basic reciever 
theory by sepiCrating the receiver into blocks with 
each block representing a main section of the 
receiver. There •£!;re many types of receivers, 
each with specific functions. However, for the 
siajce of simplicity, we will copfihe our study to 
AM. . Whether the receiver is^ki AM, SS^Pt or 
teletype control type, 'the funcfibmLof basic cii;- 
cuits remain the same. 



they are fed to the modulation section, con- 
sisting of a- speech amplifier, driver, and mod- 
ulator. Tills section incr^ses the amplitude to 
a level suitable to be usad 'ai9 ab input to the 
power amplifier. \^ ^ 

The power amplifier in the tlF unit has two 
inputs: One is the audio signal ffom the mod- 
ulator and the other is the constant amplitude 
radio frequency signal from the , oscillator, fhe 
output of the oscillator is called the *^car-' 
rier'' frequency. In the power amplifier, the 
audio signal (intelligence) is impressed on the 
"Carrier. T^e output of the power amplifier is 
a modul^l^ RF signal which is then fed to the 
antenna 



\The antenna radiates the modulated RF signal 
in the form of, electromagnetic waves. This 
. elejCstrbmagnetic wave will now be used .as the 
input to the receiver.. , ' • 

'-■' A- ■ ^ 

Receiver FuActions 0' 



.Ori^n Of Receiver Input 



Ther purpose of a receiver is to convert the/^ 
electromagnetic wave frbm the transmitting an^ 
ten^a into usable energy. Before, entering into 



An AM receiver profcesses amplitude mod- 
ulated -signals received by iti^ antenna and de- 
livers as an output a reproduction of the original 
signal that moduTated' the Hf carrier at th0 
transmitter. The signal can tnen be applied to 
some reproducing device,, such 'as a loudspeaker 
or a set of headphones. Acfftal AM psceivers 
vary widely in complexity. Som^^^aCe very simple . 
but contain a' relatively large number of cir- 
cuits. 
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Figure 4-1, — Typical Radiotelephone Transmitter (AM), 



A receiver mu^t perform certain basic func- 
tions in- order to be useful. These functions, in 
order of their performance, are reception^ sq* 
lection, detection, ai an) plifi cation, and repro- 
duction. 

RECEPTION involves having the transmitted 
electromagnetic wave cut across the receiver 
antenna in such a manner as to induce a voltage 
in the antelfina circultsL 

SELECTION involves being able select a 
particular station's frequency from ull tHe trans- 
mitted signals that happen to be induced in the 
receiver's antenna at/ a given time. 

DETECTION is me action of separating the 
low frequency intelfigence from the high fre- 
quency carrier. , ^ 

of af involves amplifying 
ntelligence to the level re- 
ratlon of the reproducer, 
is the action of cohverting 
s to sound waves which can 
by the^j^ar, such as speech 



aMplificatio: 

the low frequency 
quired for the b] 
REPRODUCTIO 
the electrical sign, 
then be interpr^te 
or music. 



4- 



Sensitlvi 



The ability 
signal of a vei 



a regeiver to reproduce the 
weak station is a function of 

''TV 



the receiver's SENSITIVITY. In other wocds, 
the weaker a signal that can<"be applied to a 
receiver and^ still achieve the- sanio value oi 
signal output, the better is that receiver's 'sen-, 
sitivity rating, - . 

Selectivity 

• -* ', 

The ability of a receiver to Select and re- 
produce a desired signal from amoiig several 
closely spaced stations ov, from among inter-' 
fering frequencies is determined ^by the rQ- 
c%iver's SELECTIVITY. Irf other *words,^ the 
better a receiver is at differentiating betwjaen 
desired and undesired signals, the better is 
the receiver's selectivity rating. ''^ - 



THE SUPERHETERODYN?: 

RECEIVER ^ 

The baaic hlc^k dl-agraxi^f a typical super- 
het;jBrodyhe receiver is show||in figure, 4- 2;, The 
diagram is sho\^ in the^ order in which a^ignal 
passes through the receiver. Above the* cor- 
responding section's of the receiver aro^ shown 
the waveforms of the'eigna^ at that point. BSfote 
going further, the terfcn HETER^YNING jnust 
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Figure 4- 2. -^Superheterodyne Receiver, showing signal waveshape. 
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pe defined in order, to understand the operktioh 

^Mhd superheterodyne receiver. 

Actuatly, we could substitude the word **inix- 
Ing'* .for heterodyning and maa^*tl?e saiiae thing. 
The principle, or process^^ of con>bming "two or 
more frequencies and producin^'new frequencies ^ 

Js called mixing, modulating, beating, frequency^ 
conversion, or HETERODYNING. ' 

In a superheterodyne receiver, amplifiers 
preceding the detector stage are tuned to one 
frequency called .the . INTERMEDIATE FRE- 
QUENCY (IF). Thd pri?Jiftfle of frequency con- 
version by heterbdyne action is employed to 
convert all frequencies throughout the receiver 
rcmge to this intermediate frequency. This is 
advamtageous in that the IF circuits may be 
more, uniformly selective, uniformly high ^in 
gain, and unkormly of satisfactory banciwidth'to 
contain all ^f the desifed sideband components 
associated with the amplitude-modulated car- 
rier. 

Refer to figure 4-2. The RF sigrial. re- 
ceived by the antenna passes first thlsough an 
RF amplifier where the amplitude of the signal 
is increased. A locally generated unmodulated 
RF signal of consteint amplitude •is then mixed 
with the carrier frequeificy in the mixer stag^. 
' This constant amplitude signal is generated 
j&y the local oscillator. 



The mixing or heterodyjiing - of these two 
frequencies produces an intermediate frequency 
signal which contains all of the intelligence or 
modulation of the original carrier signal. The 
intermediate frequency is^then amplified in the 
several intermediate frequency, ariiplifier's arid 
d to a conventional detector for recovery of 
(he audio signal. . ' 

The detector demodulates the signaj (recov- 
ers the audio) and sends it to the af amplifiers. 
Then the af is fed' to a set of earphones or to 
a lou<ispeaker. 

The^supex-heterodyhe receiver is used. as the, 
basis foXL^c^r study becaufie nearly every-Navy^ 
receiver ^^erates on the principle of heterodyn-' 
ing to produeS ,a fixed IF frequency,/ : 



Antenna Sel 



The ^^uSfehrii section precedes tbQ first RF 
anQpJifier.. A^^hown in figure 4-2, all of the 
sigi^ processing starts here. Tiie electromag- 
ne£i(^ w.iyes propagated from the antennas of 
the :tfai|||mitters cut across the receiving an- 
tenna' and induce very srhiall -a.o. voltetges In 
the Receiver antenna. These smaill a.c. voltages 
,are^ fed to the antenna circuits located at the 
input' of the receirvefri^eelf.. 
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Frequency-selection circuits, which are part 
of the input antenna circuits, determine the signal 
.frequency that will be passed on to the HF ampli- 
fier circuits to be processed and used. It should 
be pointed out that there are literally millions 
of different signals present in the atmosphere 
at any one tims, many of then) cutting across 
the receiving antennas at the sanio tim^, If 
It weren't for the frequency-selection circuits 
located at the input o^ the receiver, all that 
would be heard on the ^receiver would be static 
and a rtialtitude of stations **piled'* on top of 
each other.. The frequency that you select al 
the X^ont panel of your receiver normally de- 
termines the frequency or frequencies that the 
selection circillts will alkpw to pass on to the 
rest of the circuits for firocessing. 

It ^should be ren)3mbei:ed that the amplitude" 
nvodulated signal as ^t leaves the transmitter 
with a single audl6 frequency as the intelligence 
is actually comppseci of .energy :at three distinct 
f requenciefs. These f tequejre.iQi^ are"* the carrier 
frequency and two (Upper and lower) . skdeb^d 
•frequencies. The separation ^ be tweeri thb .H'laxi- 
ftium Jimlts of the upper and lower sideband 
frequencies constitutes the baj:idwidtho£.the tran-fe- 
TDltted signal, while the separ^on between either 
sideband and the carrier Is fediual to the intelli- 
gence, frequency. To pei'form its function prop- ' 
erly, the frequency solection',circuit must pass 
both sidebands. 

RF. Amplifier ' \ 

The^RF stage an)plifies. the sniul^.cC voltages 
induced in thd" antenna the ejectrmiagnetic 
wave from the transmitting ant^i-ittiaL. l^Bing the 
tuned *f4"equericy 'feelection.^ oiVcuits ^located be- 
^tween' the antenna and the input of thejRF ampli- 
fier pern) Its ^election of the desired station 
frequency f ron) aniong the many presant at the 
antenna'. ^ 4^ ^ 

Besides -amplifyijig the RF signal, the RF 
amjjlifier has otb,er iftiportant functions. For 
example, it i§.ol|Ltefe.the;;local,QScillator from t.hs 
antenna-grouftdf ^'systfe^^^f t^e.^stptOjina were con- 
nected' dii?^atly; t6 the- :riiixpr stage, a pi|fft-o4 
the locetl msciliartor frequency ^mLgiit.|j^^rac^ted 
into spacer^Tfiis cpi^d.^be harmful^ to ' shi>p's 
movegiQnts' ^inca" tin^' signal vyeuld' violate ' rudio 
•silence, when it \s in effect, as well as enable 
|)o*tential enemies' to .track the ship via sensitive* 
direction- finding equipment. For this reason and 
others, N a vj&/jgvi per heterodyne receivers are nor- 
mally provided with at' least one RF amplifier 
stage. % , ' \ ^ 



There are two types of RF amplifiers; TUNED 
AND UNTUNED, Untuned amplifiers are rarelv, 
if ever, used in communication receivers. TunH 
amplifiers normally provide very high amplifi- 
cation over a small range of freqyiAicies or at 
a single frequency. Naturally, supCT heterodyne 
receivers use tuned RF amplifiers. 

The RF stage, which is also called the 
**pre-selector", is also important in improving 
the aignal-to-noise ratio of receivers. A poor 
RF amplifier will enable the' equipment 'to re- 
spond only to large input signals, whereas a 
good RF an)plifier will bring in the weak signals 
above the self- gene rated receiver noise and, 
thu^, permit reception which would otherwise be 
impossible. The self-generated noise is a result 
of the operation of the various components that 
make., up each circuit within efcich stage of the 
receiver. For example, the mixer is a very 
noisy stage due to the heterodyning taking place 
within it. .J ^ ^ ^ ' 

^ "The ^ixer stage gejie rates the majority of 
receiver noise. This * ''noise V is in the form of 
volt^e^i^ariations that are differentdnfrequency, 
a^e*ea^Cof phase with existing voltages, ^d tend 
to^ancei' and dis'tort tho§e frequencies^Bjid volt- • 
ag^Sl necessary to -proper receiver operation and 
signal^ processing. Enough RF amplitication is 
needed, with a low noise" level in the RF amplifier, ^ 
to supply an adequate signal with a high signal- 
to-noise ratio for the input to tha, mixer stare^ .^^ 
As a result, the Signal level afa^be inixer in^fjtf - 
is the limiting factor in the wRlity of the re-' 
ceiver to'r^roduc^' an acceptable output with a 
weak signal utput from the w*terat2L^ 

The' SELECTIVITY of the superheterodyne * 
receiver is a measure of its ability to reject 
unwanted frequencies and pass the desired fre- ' 
quency. In the tuned preselector stage, this is* 
normally accc^plished by means of TANK cir- 
cuits that are tuned to the' desired operating 
frequency of the receiver. T'lese circuits (figure 
4-3) are the frequency-determining networks that 
allows the proper frequency to pass into the re- 
c^eiver for further processing. 

' The SENSITIVITY of the superheterodyne re- 
ceiver is *a measure of its ability to amplify 
weak' signals. Naturally, this is accomplished 
primarily in the RF stage. The sensitivity of 
a receiver can be increased by increasing •the ^ 
number of RF amplifiers. NcJt only can sensitivity 
be increased, but to some tiegree we can also 
increase the *selectivi^ by increasing the number 

" , \ ' ' .... 
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Figure 4-3. --^RF%mpuiie rand assolcat6<i ♦•tanks' 



of RF amplifier stages. This Is, due to the 
tuned circuits that are part of each RF amplifier^ 
stage. These tuned circuits tend to reject un- 
wanted frequencies at each RF amplifier stage 
aiid by. the time that the signal Is pirocessed 
through, say, five stages of RF amplification, 
most unwanted signals will have been rejected. 
A selective receiver is said to tune **sharply". 
To explain this, refer ^ to figure 4-4. We have 
shown relative tuning curves of a commercial 
station (A), a voice communication (B), and 
a CW communication (C). The **resonant"' fre- 
quency Is simply the center or carrier frequency 
and carries an upper and lower sideband of 
5. kHz on each side of the carrier. 
^ _ Carrier waves ffpm commercial FM broad-^ 
cast" statloiis contaiii sideband frequencies that 
extend 5 rkHz on ei!ther side of the carrier. 
If a station Is transmitting on 1140 kHz, the 
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■ Three types of tunings curves.. »/.^%quencies that 



complete carrier wave contains frequencies from 
1135 to 1145 kHz, Therefore, the preselector 
circuits of the RF stage' must be such that they 
have a bandwidth of at least li) kHz In order to 
allow the carrier and sidebands to ^pass Into 
the receiver fdf'processlng. If a receiver tunes 
too **sharply" {Mk top, selective), some of the 
sideband frequeTOies* are lost and the re8ul| 
will be distortion and garbling at the output 
of the receiver. The commercial broadcist curve 
shown In figure 4-4 (A) Is OPTIMUM— **at Its 
best". The top Is broad and flat, lndicatinft,the . 
preselector circuits pass the entire carrier and' 
sidebands. The sides are steep. Indicating jnaxi-- 
mum, uniform amplification over the entire pias- 
band. The broken line represents the tuning curve 
of most broadcast AM receivers. This broken 
line Indicates that much of Voice and 'music 
components are lost In the preselector circuits 
and \re not reproduced by the set. The pre- 
selecior circuits for most FM reqelvers Is 
nearerHhat of the solid, unbroken line of figure 
4-4 (A). Although this represents very good 
fidelity (more exact reproduction). It also in-^ 
dicates the frequency extravagance normally as*- 
soclated with FM in an already crowded frequency 
spectrum. 

Alth^gh sharp tuning ^In the tuned ^cuits 
of- the RF stages would make- for poor listening 
in a home radio, it Is desirable for military^ 
sets for* the sake of ^frequency^- economy and 
reduction of Interference. Figure 4-4 (B) and 
(C) indicate the' normal operating bandwidth of 
preselector circultsVin Navy receivers. Radio- 
telephone (AM) messages can be sent op fre- 
nifl only 2 4|^z either 'side 
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of the 'carrier. The voice may sound unnatural, 
but -it can be understood, •^The CW sets tune 
so sharply that,, unless a receiver operator is 
oarefulp he can turn his dial through' the signal 
without evqn hearing it. 

Mixer and Local Oscillator 

^ The Cui\ction of the mixer stage is frequency 
conversion by heterodyne action. Tlie input to 
the mixer consists of two signals; The modulated 
RF signal coming from the RF amplifier stages 
and the unmodulated local oscillator signal. The 
local oscillator stage produces a constant ampli- 
tude tflnis wave of a frequency which differs from 
the desired station frequency (selectedfrequency) 
by an amount equal to the IF of the receiver. 

• In, most superheterodyne receivers, the IF 
frequency is 4^5 kHz. This frequency that 
the Hp circuits are tuned to accept." There- 
fore, Ithe output of the mixer stage mu^ be 
455 }6iz in order to furthpr process the signal 
properly. Th6 455 kHz is a result of the mixing 
action (heterodyning) of the RF frei^uency being 
ieh( in from the RF amplifier and the frequency 
of the local oscillator. 

A's a result of this heterodyning, the output 
of the mixer will conttujvfour major frequencies, 
These four major frequencies are (1) the original 
signal fMquency from the RF stage, (2) the local 
oscillator' frequency, (3) the SUM of the RF 
and local oscillator stage frequencies, and (4) 

* the DIFFERENCE between the RF and legal 

•oscillator stage frequencies. 
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pr 
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Of the frequencies pres^nf in the' output of 
the mixer stage, only the DIFFERENCE fre- . 
quency will be used. Tie output pircuit^ of the 
mixer stage contains a^ tuned circuit that is 
tuned to the difference frequency, or 445 kHz. 
The local oscillator may be operated at a fre- 
quency either above or below the preselected, 
desired frequency. The tuned* circuits of both 
the RF stage and the local oscillator are variable 
but in direct proportion to giph other. By this, \ye 
mean that the tuned circuuS of these twq, stages' - 
are * 'ganged" on a common tuning shaft. As 
you vary ^e preselector circuits of the RF./' 
amplifier tdiietermine the frequency to be passed 
and processed, you simultaneously vary the tuned 
circuits of the local oscillator and the output 
frequency of the local oscillator. Therefore, 
the difference between the RF stage and the 
local oscillator is always 455 kHz and contains 
all of ,the intelligence contained originally in 
the RF carrier. ' ^ 

Figure 4-5 shows another oasic block diagram ^ 
of a superheterodyne receiver with an input RF 
carrier frequency of 1500 kHs;. The local oscilr 
later Ms shown **tracking*' at 1955 kH:;, or 
455 kHz above the carrier. Tljg^i^^sultant 6),i- 
ference is the IF carriep<iiShow|(^Tjtt the output 
of the mixer. 



IF Amplifier 

V 

Superheterodyne rJjfl^iwerB eiT>ploy one or 
more IF amplifiers depen^ng ^n design and 
quality of the receiver. The IF circuits are 
permanently tungid to. the difference frequency 
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Figure 4-5;— IF ••diffe-renc^" freqi^ncy of- 455 kH^. 
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between' the R^F signal and the local oscillator. 
As previously statedj all^irtcoraing- signals are 
converred to the same frequency, by the mixer, 
and . the IF amplifier operates at only one fre- 
quency, jyhe tuned circuits^ therefore, are per- 

- jii.anently adjusted for maxinnim signal gain 
consistent, with the desired bandpass and fre- 
quency response. Practically all of the selectivity 

- of a superheterodyne receiver is determined by 
the IF stages of amplification, aided by the 
selectivity already provided by the RF amplifiers. 

V In many ways the operation of thelF an)plifier 
is\ similar to that of .the FCF amplifier* Tie sig- 
nfClBp however^ are at a lower'-frequencv than 
iho&e in the liF anjplifi^r. Unlike ^the RF tuned 
circuits tyjiose frequency is tunable over a vvide 
range), the tuned circuits used An IF aniplifiers 
are fixed at a definite resonant frequency. Since 
they operate at a fixed Band of frequencies, the 
IF jpiiplifiers can be designed to provide optimum 
* gain and bandwidth characteristics. 

An additional function of the IF aniplifier 
is to preserve all of the original modulating, 
intelligence contained in the ^carrier. At this 
stage of signal processing, ALL of the amplitude 
modulated intelligence^ is still contained in the 
455 kHz IF sign'al. All we have done is to amplify 
it. The output of the final, IF amplifier is fed 
to the detector, or den^oduiator* - 

■ > 

J Detector ' 

DETECTION, also called DEMODULATION, 
a is the process of recreating original n)odulating 
frequencies (intelfigfefice) from radio frequerfcies^ 
which are present in the IF signal. This is what 
happens in the detector stage of a superheterodyne 
receiver. The n)odulated IF of 455 kHz, which 
'$ has been amplified, is ''den)odulated'\ All that 
*is fef^, once' the ^signal is processed through 
this stage, is the •intelligence only. Refer back 
■ to figure 4-2. The signal has l5een reduced to 
the original modulation imposed at the trans- 
mitter and is now varying at an af (audio 
frequency) rate. These are the original amplitude 
modulations created by the voice of i)^ person who 
originally spoke into the microphone at the trans- 
mit|i|^. This afj is. a very small signal* fiefore 
>it cl^ be heard and used,^it must bq amplified". 

AF Amplifier 

The AF .siniplifier stage does just-asmts 
name implies; It anii)iifies the ^iJdiiTfrequency 

' ' . " ■■ A^ 




84 



fed to it from the detector stage. This 
essary istage because we" must be abl 
the af signal to headphone^ converter 
ers, etc. The af stage is the final 
superh^erodyne receiver. 

RECEIVKirCONTUOL CIRCUITS 

Every receiver employs control circuitry. 
The nun)}:)er of control, circuits used by any one 
receivisr vkries? depending upon the type of 
receiver and what it was designed to do/ How- 
ever, there are control circuits common to most 
receivers. These common circuits accomplish the . 
same thing in all cases regardless of the receiver 
in which they are located. Most of these control 
circuits are controlled from the' front panel of 
the receiver. By having a basic knowledge of what 
these various cirpuits do, you cfiin learn to dis-. 
tingulsh ' those tront panel controls on any re- . 
ceiver that control them. Front panel consols 
and switches vary from receiver to receiyer, 
but control cirei^ij, functions do not. 

Majiual Gain Control (MGC) q 

As was previously mentioned, high Sensitivity 
is one of tl^ parameters of |i good receiver. In 
some cases,- however, high sensitivity can «be a 
liability. For example, the signal received^ from 
a nearby transmitting station can be strong^nough 
to overload the^RF sections of a receive j:i Tliis . 
causes the audio crtkput to be distorfed and less 
intelligible. Gain control of the RF sectl^ is 
used to overcome this problem. If g&in oCturol 
were not used, receiver eensitiviiy ' would iiave 
to be permaaiently decreased. With g^iin control, 
ms.ximum sensitivity is realized, and weak input 
signals "^re provided with^aximum amplification. 
When a strong input signal is received, the RF 
gain #fiay be reduced to prevent o^rloading or 
''overdriving". 

On the front panel of receivers, the manual 
gain control can usually be recognised by the 
word ''manual", or ''MGC", 'or "MANUAL- 
GAI^V.^It works much lifte jthe viDlume control 
does on your home radio fn,- that as you v^y 
the control, the output, of tne' set can be clearly 
heard ta increase or dercrease in volume. In 
com rtiuni cation receivers* ^s you decrease the^ 
setting of the manual- gain y^ontrol in response 
to a too-strong signal that is overdriving your 
output to the* point of distortion, you will notice 
that the signal becomes mor^ intelligible. 

. ■ / ' ' ^ ^ ^ ' * . / . ■ ^ 
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Thd manual gain control circuit is ncJ^mally 
IniBtalled' In communications receivers as . part 
Ctf the first Rf amplifier stagQ. Since it is the 
ilF Btages that are being overdrivenp it makes 
pnise to place * the control .circuit for manual 
ipidii in that 6tage» All that yoif are doing when 
you kre turning the manual gain Control knob 
on a receiver ip varying the amplification factor 
ofthe REjBtage. 



Figurb 4-6 i^ a block representation of. the- 
placement of the manual gain control cirduit. 
Alihougb.tbe M'GC circuit is helpful in controlling 
strong, overdriving signals, ,the disadvantage of 
this method is obvious. If the si^al strength 
continues to vary, the gain control must be 
constantly adjusted. Instead, an automatic gain 
control circuit is employed By all communica- 
tions receiver^. ^ 



Automatic Gai 



ControyAGC) 



As you already know, variations in the output 
voluma of a receiver may result from variations 
in the input signal strength. These changes in 
input signal strength may occur as a result of 
simply changing stations 6r as a refiult of * *f ading' ' 
which is caused by changes in atmospheric con- 
ditions. Therein lies the functidlj^ pf an AUTO- 
MATIC GAIN CONTROL (AGC), also referred to 
as an AUTOMATIC VOLUME CONTROL (AVC). 
This control circiut limits unwanted variations 
in the output 'bf the receiver ciue to variations 
ia strength of the i;eceived signal. As was pre- 
viously mentioned, in order to maintain a constant 
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Figure 4-6.— Placement of the'hianual gain con- 
tiol circuit, (MGC). 
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output level, a receiver withotlt^AGC Would re-/' 
quire continuous manual readjuTOnenttc^compen-T^ 
sate for. received signal changes.' . 

Signals from stations-operating at the same 
power level may jiot reach the receiver antenna 
' witli the same.;PQV§fr because of AffetcTnces in 
transmission , distances, carrier fretjueitciesl at- 
mospheric conditions', 'and obstructions between 
the transmitter and receiver antennas. 

The conclusion jnight be drawn that an AGC 
network is not necessary when the receiver is 
operating on a single station. However, tiiis is 
not true because atmospheric conditions may 
cause the vsignal strength to fade Jn and out and 
vary, or the antenna may receive components 
of the signal which have traveled along different 
paths.^ For example, one component may travel 
from ^N^he transmitting antenna directly to the 
receivijlg, antenna, and another may have been 
reflectedlfrom a distant object. The tw<^gnals 
will sometimes be in phase and at other times 
be out of phase, thus tending to reinforce or 
cancel each other. The result is a variation in . 
signal strength at Ahe receiver antenna which 
is called^fading. ( 

In a superheterodyne receiver, the detector 
circuit **dem6dulates" or separates the carrier 
and the intelligence. The output of the detector 
circuit also contains a d.c. component. This d.c^ 
component is directly proportional to average 
modulated carrier amplitude! The AGC circuitry 
(figure 4-7) utilizes this d*c. component by filter- 
ing thd detector output and applying a portion of 
the d.c. ^component to the^^receding stages 
(figure 4-7). This AGC volfage is used to control 
the amplification of any .or all of the stages, 
preceding the detector stage. 

The AGC voltage acts, as a CONTROLLED 
DEGENERf\TIVE FEEDBACK. As can be seen 
by the block diagram^ in figure 4-7, this voltage 
is fed back from the detector ^age. The AGC 
voltage * controls the amplification f sector of tjie 
amplifiers in the preselector stage. Basically, 
what happens is very simple. .As the input 
signal to the RF stage increaseSiJ the signal lit 
the detecto^: will also increase, increasing the 
amount of AGC voltage being fed back from the 
detectcn*^ This greater feedback voltage will 
'clecrea^ the amplification factor of the ' RF 
aTrjjpIifiers, thus tending to keep the input signal 
at a steady norm. The reverse happens when 
the , input signal is very small. The' AGC feed- 
back* voltage from the detector stage is also 
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Figure 4-7. — Automatic Gaii) Control, (AGC) feedback. 



very email and the amplification fa^Qx: of the 
RF: -amplifier B increases, thus allowin^for higher 
amplification of weaker Bignals/ A dijgddvlknt;]^^ 
irf .AGC^iB that even^tigie w^atefifr^^^ 
spnOQ AGC> catising a decrease'ln BF;;«g!Plifipr 
gBin and, thereby, attenuating very weilff^ignals 
^even more. . 

Delayed Automatic Gain 
Control (DA^GC) 

The d^AldVantage of automatic gain control, 
that of attenuating even the very weak signal, 
is overcome by the use of ' delayed automatic 
gain control. This type of gain control develops 
no A(ic feedback until a certain received signal 
strength is attained. For signals weaker than 
IhiB value, there is no AGC developed* For 
sufficiently strong signals, the delayed AGC cir- 
cuit operates essentially the same as the ordinary 
AGC citcult. 

Beat-Frequisncy Oscillator (BFO) 

The beat-frequency oscillator (BFO) is nec- 
essary when CV^ signals are to be received be- 
cause theee signals are not modulated with an 



audio component. The action of^the RF amplifier, 
mixfixj local oscillator, and IF amplifier .is the 
^ame cfor both CW and AM, but the GW signal 
reaches the detector as a • single frequency 
signal with no ^deband' components^ In order 
to produce an af output, it must be heterodyned 
(beat) with an RF signal of the proper frequency. 
This separate signal is obtainedfromim oscillator 
known as a beat frequency oscillator (BFO). 

Figure 4-8 is a block diagram of a 'super- 
heterodyne receiver capable of receiving and de- 
modulating f a CW signal. The IF signal i& 
heterodyned with the ^90 at the SECOND DE- 
* TEC.T»l to^ proddbe' jlpVF output. T^e second 
detemor is used primarily because the first 
delector is normally used as the soyrce of AGC. 



If the -Intermediate frequency is 455 kHz 
and the BFO is tuned to 456 kHz or 454 kHz, 
the difference frequency of 1 kHz ip heard in thd 
output. Generally, the BFO is tunafile from the 
front panel of the receiver. By varying this 
control, you are varying the output of the BFO 
and yMll normally notice. a difference in the tone 
of th^^tput signal as you do soi 
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Figure 4-8. — Placement of the Beat Frequency Oscillator, (BFO). 
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Silencer 

A reoftlver^s sensitivity 1$ maxlrb'uir) when 
|io -slgmure^belng receivea. This condition occurs, 

• for exwnple, wten the receiver fs^ being tuned 
beW^QD^ stationa In th^^ferm ""of"^ b^ckj^rouhd 

,njrise picked up by the "antenpa. The noise Is 
gpreatly^ amj^lifled, slncfe receiver gain Is maxi- 
mum i^thout 6 signal, and Is highly annoying. 
To overcome this problem, a circuit called 
the **nol8e-8llencer", **squelch", **nolse-Sup- 

. pressor," or **nolse-limlter" Is often used. 
This circuit cuts off 'the receiver output when- 
no input signal is being received. This is ac- 
'compUshed by blocking elthar the detector or 
audio ampli£i»^r outputs when no signal is present. 

, By blocking either one of "^these circuits, ob- 
vioiisly no output will be amplified and fed4o 
the speakers or earphones connected to the 
receiver output. * . 

Automatic Frequency ^ 
Control (AFC) 

Automatic ^^Fequency Control (AFC) is used 
to maintain a constant frequency separation 



. between rrthe received signal and the local os- 
x^illator signal, regardless of , drift in either 
'the local oscillator frequency or the received » 
carrier frequency. - ' " • 

Figure '4-9 illustrates the basic components 
associated with, an AFC circuit. A changq' in 
the frequency of the local oscillator will produce 
a chapge in the resultant IF. This \;hange will 
be sensed by the **discrim'inator" circuit, a 
component used in AFC. 'fte discriminator will 
produce a (i.e. voltage which corresponds to the 
shift in frequency. Tie polarity of this d.c. • 
voltage will be determined by the direction of 
the frequency shift (either positive or negative), 
while the amplitude of the d.c. voltage will be 
determined by the magnitude of the frequency^ 
shift (how far off frequency )the shift is). This 
d.c. voltage is then fed to the **reactance" 
" tJircult. The reactance circultV controls th6 f re- - 
quency determining circuit of the locpd oscillator. 
Working together^ the discriminator and the • 
reactance circuit correct any frequency deviation # 
by the local oSiciUator or in the carrier and ' 
maintain* the IF component of the processed sig- 
nal in^^o doing. 
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Figure 4-9. — Automatic Frequency Control, *AFC", block diagram. 
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Operation of Qommunlbatlon equipment over: 
the entire range of tli^IlF spectnuD recpiires 
many types of antennasTVt the oommunications 
center iij whioh you work^ou will need to know 
the biCbic types of antennas available ^ou 
qperationally» th^r cliaracteristic8» and^ their 
uses. Very often, you» the operlnory can mean 
the (tLfferenoe between efficient and ineifioient 
oommunicatlons.. 'You will liave a choice of. 
ipany antennas and must select the one most 
suitable fbr the task at IjU^id. Your operational 
training will , acquaint you with the knowledge 
neoejBsary to^ properly use the antennas at your 
4ispo8al. Howevdr, your operational training 
^LL NOT acquaint you with *the WHy of an- 
tennas, in other words, "^asic antenna theory. ^ 
This chapter Is intended to familiarize you with ^ 
basic antenna ^terminologpr, definitions, and ohar- 
acteri sties. 

TERMS AND DEFINITIONS . ^ 

The following terms and definitions are listed 
here to iSnhance your understanding of tSie ma- ^. 
terial: 

ANTENNA — A device used to radiate or re- 
ceive radio waves. . 




CURRENT **^MPfP** — A poih); at- which cur- 
rent is maximuj^ along a transmisBion^line 
or'adtenn^. . ^ ^ 

CURRENT ^**NOJ>E** — A point at which cur- 
rent is zero along a .transmission line 'or"^ an- 
tenna. • . 

DIPOL*^-^^n antenna approximately one-half 
wavelengthlbng. ' 

DIRECTIONAL ANTENNA-^ An antenna that- 
radllAtes or receives radio, waves more effec- 
tively in some directions than in others. 

ELECTRIC FIELD— Electric **flux'' lines 
that represent .the direction ia which the field 
is traveling. 

END EFJ^SCj— .The effect of capacitance at 
the ends of tin antenna. 



ANTENKlv*itNING — The process.syhereby an 
antenna is electrically **tnatched" -to the out- 
put fjrequency of the transmitter. / , 

BIDIRECTIONAL ANTENNA — An antenna that 
radiates or receives most of its energy In pnly 
tw(^ directions. 

CHARACTERISTIC IMPEDANCE— That im- 
pedance of an antenna which, when the antenna 
is cohnected to the output 'of a transmission 
line, w^l show the voltage aiid current ratio 
to be J the same at any given point algng the 
' antenna. * ■ 



FEED POINT — That ^poiirf on an antenna tcf 
which a .signal to be t/ahsmitte<;jl is delivered. 

FIELD STRENGTH — The strength of an elec- 
tric, ^magnetic, or electromagnetic field at a 
given point* (Also Called ff6ld intensity^. 

HERTZ ANTENNA — Ap ungrounded half-wav^ 
antenna. 

INCID^T vVAVE — An electromagnetic , wave 
that 4s traveling from the transmitter in the^ 
direction of the antenna. 

INSULATION RESIST ANC E — The ^electrical 
resistance between two conductors that are sepa- 
rated by an insulating material. (Sometimes 
referred to as the ^'breakdown'' resistance^ of * 
a ti:*ansmissio^ lin^). 

MAGNETIC FIEBD^tA^space in which mag- . 
netio force, or magnetic ^^flfuc'S is created by a 
moving ele'tetric* field. 
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MARCONI' AMTENN A antenna that is con- ' 
nacted to ground at one and. 

, OMNIDIRECTIONAL ANTENNA — An antenna ^ 
that radiates or receiveg^ eqtlially well in £^1 
dlriactionB, except directly off the ends. * 

' , ' ' ■ " 

POLARIZATION — The direcUdn of the ^lec- 
^fic field as radiated from a transn)ittihg an- 
tepna. 

/RADIATION RESISTANCE— The total rwli--. 
ated power of an antenna, dividad by the square 
.of the effective antenna cur rent*« measured at 
the feed pioiDt. ■ : ■: ^ ."^^ . 

-J REFLECTED WAVE — Aa electrbmagpetic 
- wayo that travels back toward the trarisiDitter 
f^om, 1^ antenna" due to a mismatch in im- 
pedance between the two, 

. RESONANC©"— ^'fhe copdition that exists pi an 
antenna circuit in wMch the inductive react-, 
ances balance out the capacitive reactances, r 

* :/STANDINGKWAVK RATIO (abbreviated , 

SWR) — The ratio of maximum and 3^nimum 
^Tunplitudes of voltage, current^ and fieldSalong. 
'"a transnpission line at a given frequency. . 

UNIDIRECTIONAJ. ANTENNA — An . antenna 
that radiates only in one direction.' 

.VOLTAGE ***LOOP'' — A point at which volt- 
age is maximum. ' ^; 

' VOLTAGE **NODE'' — A point at which volt- 
age is zero. 

WAVELENGTH — The _ distance in feet or 
me^ters feet\Veen. points of corresponding phase 
: of two* consecutive cycles of a periodic wave. 
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Figure 5-1. — Basic Trajasmitting^Circuit. 
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BASIC ANTENNA CIRCUIT 



•v^e have j^fined an antenna as a-. device for, 
transmitting or receiving Ea|lio wave^. In effect/ 
wj^at we 'have said is that electrical energy froib 
« tbe" transmitter is converted intoelectroma^^lc 
e^ergyj by the antenna and radiated into spice. 
On thq reception end, electron! agJiQtfQ^riergysdi 
cbnverted into electrical energy by the antbnna 
and fed' iato the receiver. Figure shQw"&^^,v 
a basio^|^|upitting 'circuit, anS figure 5-2.^ 
shows d^^^Bp^l^^S ^^9^^^* 



I'iguxe 5-2. — Baslc^oeiving^ircuit.^ 



' AS shown in figure 5-1, the basic trans- . 
mitting circuit is v^ry simple. Firsts. the trans- 
init^r is the source of electrical energy. From 
there the^ signal i& delivered W gL* transmission 
l|ne which ^rve^s to connect the fransmitt^j;' and 
thet antennaV The enerj^ is delivered tO thes an-j 
tenna' vi^ the transmission line and* is radiates 
into space as Ian electronoagnetlc wifcve. Figure * 
5-2 , simply reverses the .rprobeap. The elec.-^ 
trom^^etic energy is intercepted by -^e per- 
ceiving ant^hna^/Cjonverted into electrical energy , ' 
fed to lS^trahsfhissi(jpn liri^7'='CLnd is. then 
to the ii|ut circuits of th^ rei;^er wheW il; 
will be processed accordingjlj^ ""^ * \ . 




Before going furthetr,^4^t us . la^ "g. 
at the eijso^romagn^tic waive that fte. . rJ^atedb 



ERLC 



by ANY antenna. Figure 6-3 shpws an instan- 
taneouB crcj^s-^ction of a radio wave that has 



Having a basid understanding of cliff icidt-sounding 
terms- will aid in your k^wledge of all an" 



be^n radiated. The wave itself is/cdlled ELEC- *^ tennas as. well as enhance your ability 'to better 



TROMAONETIC because it is coibposed of both 
an electric and a magnetic field. ' ^ >t . 

The principle involved here is that a' 110971 njg 
electric field cireates a magnetic fields apd 
converBefy', a moving magnetic fie^d create|/' 
an electric field. Theses two fields, on'o^'created^^ 
are IN-PHASE with each' other but are also 
PERPESNDICULAR to dach other. In other words/ 
as the* electric field rise's in ampUtud^p so does\ 
the nnagnetic field. They re^ch a'^pe^jK and drop 
to zera (dip)» at the slune time.o'hus, -they 
are in phase with each other. The electric field 
creates magnetic flux lines'that extend outfrom 
it at a RIGHT ANGLE,/ as shpwn in figure 
5-3, There magnetic flux lines are perpendicular 
to *the electric field. Therefore, our moving: 
field is called an electromagnetic field. The 
albctric field is designated **e" arid the magnetic 
Yield **m". The radiated electromagnetic wave 
travels through space at the speed of light. 
^The speed of light is SbO.OOO.OOO !meters or 
about 186,000 miles per second). 

ANTENNA CHARACTERISTICS 

All £uitennas exhibit common characteristics. 
Sometimes, the most difficult subject cbncernirig 
antennas^is the '%rminology involved. In this 
section, we Will discuss many of the misunder- 
stood terms dealing with the theoi^ of antend^s. 




under stahd^'the antenhas • thj^t yov^ use dally at 
communic§.tipn 'centers ashore* or eifloat. ' 

Antenna Tvining ' . 1 

It is. an accepted iact,that for every fre- 
quency in Uie: frequency spectrum there i6 an 
antenna th^ is perfect for radiating at th%t 
frequency.'^ By ^this we mean that all of the 
power being tranBn>ijttad from the transn)ittex^to 
the antenna will be radiated into tepace. Un^ 

^fortunately^ this is the ideal and not 4he rule. 
Noriinally, some power is lost between the trans- 
mitter and t^e antenh|i. This power loss is due 
to jbh0 fact that the antenna is not of .the perfect 
dirpensions*^' and size tp radiate perfectly all of 
the power delivered to it from the transmitter. 
Naturally, it -would be unrealistic to carry a 

* separate ai^nna for every frequency that a 
communication center is capable of , radiating; 
it jyould require that a*^^ ship have millions of 
^antennas onboard, and thsct would be impossible. 



To overcome this, we have a means whereby 
we can electrically lengthen' and shorten an- 
tennas to better 'match the frequency which we 
want to transmit. This process is known as 
** antenna tuning". In^ figtjre 5-1, we showed 
a basic antenna circuit* In figure 5-4, we show 
the sani^ circuit, bvit witji the addition oJ what 
is norm^ly referred to as. an antenna **coupl^r.", 
or **tuning urjif *. This coupler is electrically 
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Figure 5^3. — Instantaneous cross-segtion of a Figure 5-4. — Coupler is connected to antenna to 
radio wave, **tune'' the smtenna. 
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connected to the cmtenna and is used to adjust 
the apparent physical length of ^ the jantenna by 
electrical means. This simply npearis that th^ 
antenfta tfoes not physically changfe length as such; 
the antenna i& electrically adapted to the^Output 
frequency of the transmitter ^d **appears'' 
to bhange its physical length. ; . 

The antenna coupler, or tuning unit, is nor- 
Inally connected to the antenna with a. different 
cable thaa that of the transmitter. In other words, 
one 'cable is connected from the trant^mitter tb 
the antenna, and a different one is connected ' 
between the coupler and the antenna. The' cable 
connected between the transmitter and the an- 

^e'nna Js called the **rf cabl0'\ Tliis cable 
caries the RF signal from^he triansmitter to the 
antenna so that the signal will be t^di'ated into 

' the atmosphere. The other cable is callad the 
/'control cable''. It carries the signals from 
the cof^g^r unit" Ahat . serv^ to *'tune" the an- 
tenna.. Once the ' antenna is properly tunied to 
the operating^ frequency signal which % must ' 
radiate into the. atiinosphere, the antenna is said 
to be **RESQNANt'^ In othpr , words, it 
matched fo the operatfhg frequency. 



'IS 



Another^' term used ifi antenna tuning Is 
**STANDINOWAVE RATIO", abbreviated SWR. 
Although we have defined this term earlier in 
this chapter, a generally accepted definition would 
be the relative* **degree of resonance*' achieved 
with antenna tuirtng.,_It is not necessary 'at 
tills point to understand the^complexlties of cur- 
rent and voltage along an antenna that determine 
the exact SWR, but it is* important to understand 
the SvVR when the ratio is ^^ressed numerically 2 

Most antenna coupling units, have front panel 
meters that read the reiativ^ SWR achieved 
via ante^nna tuning. You will hear SWR expressed 
nunnerically in nearly every tuning procedure, 
you will hear' terms such as v.'''four-to-one'', 
or Vtwo-^to-one'', or '*three-to-one", as ex- 
.amples. You will feee them written^ 4:1 SWR, 
or 2:1 SWR, or 3:1 SWR. The iniportant thing 
to know about these figures Is that the LOWER 
the number ratio is, the BETTER is the standing- 
wave' ratio. The I better the SWR, the better is 
the match between the antenna and the trans- 
finitter for transmission of the RF signal. For 
'example, a 2:1 SWR is better than a 3:1 SWR, and 
a 4:1 SWR is better than a 5:1 SWR. Of course, 
a 1:1 SWR is perfect. This would mean that the 
antenna is perfectly matched to the frequency 
to be transmitted from the transmitter.- This is 



nearly impossible, of course, because there will 
always be some po\ver loss between the trans- 
mitter and the antenna due to 'the natural im- 
pedances that exist between the two. When tuning,, 
you try to minimize the impedances between, 
the transmitter and the antenna and, therefore, 
improve the standing-wave ratio between the 

^Svo. As you approach resonance, you wilihotice 
your SWR figure 'on front panel meters begin 
to drop to a lower numerical value. A **good'? 
SWR is considered to be 4 or bel0w. 'For ex- 
ample, 4:1, 3:1| or 2:1., Anything over 4, such 

' as 5:1, 6:1, 9:1, etc., is considered ''bad'*. 



Antenna Feed Point ♦ ' 

The term **feed point" indicates the point 
at which the RF cable that carries the signal 
from the transmitter is' connected to the an- 
tenna.' The type .of antenna being used ind th4 
desired operating chariacteristics determine the. 
feed point. If the RF transmission line is con- 
nected to* the base of an ieuitenna, the antenna 
is sai'd to be END-FED. If the RF tx'ansmission 
is connected at the* center of fiin eintenna,, the» 
antenna is said ,to' be- MID^FEP or CENTER- 
FED. . " 



Characteristic Impedance 

' Everything exhibits some amount of imped- 
ance. Even a straight piece of copper wire '3 
inches long, will' offer some resistance to cur- 
rent flow, vhowev^r small. The characteristic 
impedance of this same piece of copper wire is 
considered to be its overall resistance offered 
to a signal. The transmission lin^ between an 
antenna and a transmitter has a certain amount 
of characteristic impedance. The antenna also 
has a certain amount of characteristic imped- 
ance. It is the basic mismatch in impedances 
between the transmitter and the antenna that 
makes antenna tuning necessary. Naturally,^ as 
transmitters, transmission lines, and antennas 
become more complex and contain more complex 
circuits and components, the necessity for tuning 
becomes more critical. ' 

In a;^ ideal situation, the transmission line 
matches the output impedance of the transmitter 
ancf the input impedance of^the antenna. If this 
were the case, there would be no need to tune 
an antenna because there would be no resistance 
to the signal frequency to be transmitted. Un- 
Jortunately, this is rarely, if ever, the case. 
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Listed in every antenna, technical manual 
is the "cha^'acteristic impedance'* of the an- 
tenna^. You will normally find this to be 36 
obn)S» 52 phms» or TO ohms. Most communica- 
tions antennas are designed to offer this* re- 
sistai\ce ai .resonance » with the most standard 
being 52 c^lms.- At resonance^ the antenna should 
appear electrically as- a large resistor offering 
52 •bms of . resistance at the si^al frequency; 
The objective of antenna tuning is to electrically 
tune out the various' impedances and to '•match" 
the antenna's length to the frequency being raqli- 
ated AT THE CHARACTERISTIC IMPEDANCE 
THAT THE ANTENNA WAS DESIGNED FOR. 
If we were to^ achieve a standing^wave ratio 
of 1:1, it would meaii that we have succeeded 
in tuning out all other impedances, and the 
antenna now offers it6 characteristic imped- 
ance. A 1:1 SWR is rarely achieved, of course, 
but the object is to get as nearly as possible 
to it in order to have only the characteristic 
impedance of the antenna remaining. Now let 
us see how the frequency of the signal to be 
transmitted affects tuning. 

Frequency .'And Impedance 

..In chapter 2, you learned that inductive 
reactance (Xl) is actually resistance and is 
measured in ohms. In the same chapter, you 
learned that capacitive reactance (X^) is also 
measured in ohms. You learned that inductive 
reactance is caused by the effect that a.c. 
•hks on coils. It was found that any two poiftts 
of different electrical potential exhibit capacitance 
and that capacitive reactance is the reaction 
of capacitance 'to an a.c. signal. What is fre- 
quencfy? Frequency is the number of times that 
an a.c. signal makes a complete cycle in one 
secoi^. As we inctfeaga or decrease frequency, 
the inductive and capacitive reactances will 
alternately increase and decrease as well. These 
reactances exist between contiuctors in the trans- 
mission line, between goils of helical antennas, 
axid between components physically located inside 
antennas themselves. Some antennas are no 
more than straight pieces of metal, while others 
are very complex and contain electronic circuits 
and components inside the shell of the antenna 
itself. Whenever a signal at a certain frequency 
is applied to the antenna via the transmission 
line, all of t^^e parts and components that exist 
between the ' transmitter and the antenna and 
inside the antenna will begin to electrically 
"react" to that signal frequency, offering im- 
pedance to the signal frequency. These various 



*iAductive and capacitive reactances are -what 
we. are attempting to "tune out" via the coupler 
unit in order topresentthe characteristic imped-' 
anca, or as close as possible to it, to the signal ' 
frequency. ^ " 

How do reactances vary with frequency?- 
We can refer to the basic reactance formulas to 
find this put. The formula fur capacitive reactance 
is: 



X^ 



2pi F C 



where: 2pi = 6.28 (3.14 x 2) 

F = frequency in hertz J 

C = capacitance in farads' . 

Since capacitive reactance is inversely pro- 
portional to frequency, we find that as we in- 
crease frequency, we decrease Xc. 

The formula for inductive reactance (Xj^) is: 
Xl= 2pi F L • 

where; . 2pi = 6.28 (3.14 x 2) - 
F = frequency in hertz 
L = inductance in henrys 

Since inductive reactance is directly proportional 
to frequency, we find that as we increase fre- 
quency, we increase Xj^. ' 

Since these reactances are effectively, re- 
sistances and measured in ohms, they are ef- 
fectively added to the characteristic impedance 
of the antenna and will change anytime we change 
frequency. Hence, it is necessary for antenna, 
tuning to achieve characteristic impedahce, or 
close to it. Remember, the only variable in^ 
the reactances is frequency. 

Wavelength 

Whenever RF current flows through a trans- 
mitting antennaf, electromagnetic (radio) waVefi 
are radiated from itie fl&itenna in airdirectiQns. 
The.se waves trkvel at approximately the ^peed 
of^^ight. The frequency of the radio wave that 
is radiated by the antenna will be equal to the? 
frequency of the RF current. ' ' . 
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The velocity. of a radio wave* remains the ' 
ISBine regardless of frequency. This ts important 
*' to rdbnember. In computations that concern an- 
. tenna^ngth. Whenev^ the' length of an. antenna 
iB referred to, the teiSn WAVELENGTH is used. 
You , will hear antenhas referred to as **half-c 
' wave", **quarter-wave", or **full-wave". These 
terms describe the relative length of an antenna, 
whethet it be efectrical. or physical. 

Siixiply stated, t^e definition' of wavelength is 
**the distance traVeled by the radio wave in 
the time required ifor one cycle''^ Thi^means 
that, wavelength will Vary with frequency. If 
we . increase the frequency, the time required 
to complete one^- cycle of a.c. is naturally less. 
Therefore^ the wavelength ii? less. If , we de- 
crease the frequency, the tim.3 required t<ju4om- 
plete one cycle of a.c. is longer. Therefore,, 
the wavelength is more, or longer. Another word 
for wavelength is LAMIVDA, designated by the 
* symbol. X • - 
# . 

AS previously mentioned, when tuning an an- 
tenna, we^ape electrically lengthening or- shorten- 
ing the antenna, to achieve resonance a(^ that 
frequency. I^i doing so, we are actually changing 
the wavelength oi the a.atenna. The wavelength 
of an antenna can be ooinp^ted quite' siro^y. 
It is known that a radio J^ave travels at a 
constant speed of 300,030,000 maters (or 186,000 
miles) per second. From this conftant speed, 
the length of 1 cycle (wavelength) can be found 
by dividing velocity of the jA^ave t>y its fre- 
quency. Expressed as a form^jp! 

' # 

, Wavelength in maters = 



300,000,000 



F r e que ncy- in her t z 

Because there are 3.28 feet in 1 meter, we can 
also compute wavelength in feet. Multiplying 
3.28 Umes 300,000,000 equals 984,000,000 feet. 
Therefore: V 



Wavel^gth in feet 



984,000,000 



Frequency In her 



It should be noted that these specific formulas 
are only applicable where frequency in hertz 
is used. When the frequency rs expressed in 
values other than hertz (kHz or MHz),*^the con- 
,stan,t must be^ converted to the corresponding' 
value, (300,000 or 984,000 for' kHz and' 30^0 
or 984 for MHz). 

The electrical lel^gth of an antenna is not 
necessarily the same as its actual physical 



length. Radiofrequency energy travels at the spee4 • 
of light' in free spaca. However, rf^ energy on 
an. antenna moves at a speed copsideral^ly less 
than ttiat in free- space. Because of the dif- 
ference in velocity,, the physical length no longpi* , 
correspondis to tfie electrical length of an an- 
tenna. Thus» 6ji anlenna may be cfidled a half- 
wave antenna electricaliy, but it is. physically 
somewhaft shorter.^ » 

. . . . • ^ . • 

If an antenna were made of very thin* wire 
and isolated' perfectly in spaClb, its electrical 
length would correspond closely to its physical 
length. Hqweyer, the antenna is never isolated 
completely f^bm surrounding objects. T^ cir- 
cumference of the* wire itself ; the capacitance 
introdirced by insulators; aind the capacitance 
introduced by the conductors in the transmission 
line and adjacent bulkheads^ stacks, and^masts 
all combine to change the 'velocity of the wavje- 
in the antenna. This change is called **END 
EFFECT" becftuse the ei^dg of the antenna are 
made farther apart electrically than they are 
physically. Consequently, the physical length of 
an antenna will be,apprCximately 5 percent shorter 
than the ccRrresponding \Vavelength in space. 
For example, to compute the electrical length 
in feet of an antenna that is transmitting a signal 
at i MHz: « ' 

^£en™; =9^4 feet (electrical length) 



(frequency) 

To find the corresponding physical length, we 
would multiply the eLectrical length tipes 95%: 

984 X 95% = 93§fe.et (physical length). 

It should be understood that these computations 
are for finding the electrical an(^ physicaJL lengths 
of a FULL- WAVE antenna. If we wanted to com-- 
pute the lengths of a :^ half- wave antenna, we 
would . simply divide the result by 2. For a 
quarter-wave aritennfi^, we would divide "the re- 
sult by 4. * ^ 

Wave Polarjizatipri 

The p6sition of an antenna in space deter- 
mines the polarization of the emittednPadio wrfve. 
X^us, an antenna that is' vertical with respect 
to the earth radiates a vertically polarized radio 
wave, while a ' horizontally positi(3ned ^antenna 
radiates a horizontally polarised ;wave. Figure 
5-5- shows a vertically and a horizontally polarized 
wave. Note that the electric field corresponds to 
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Figure 5-^5.— Vertically .and Horizontally polar- 
j ized waves. 

the polarization of the wave. Whenever the ap- 
tenna is vertically polarized, the electric field 
will " also' be vertical, and vibe-vert^ for hori- 
zontal polarization. 

At lower frequeAcies, wave polarization will 
remain fairly constant as it travels through 
space. At higher frequencies, however, the polarf^ 
zation usually varies, sornetinnes quite rapidly, 
because tl^e wavefront splits into several com- 
ponents which follow different paths. 

vVhen antennas are close to the ground, verti- 
cally polarized radio waves yield a stronger sig- 
niil close to the earth than do horizontally 
polarized waves. When the ^ transmitting and 
receiving' antennas are at least .1 wavelength 
above gtound, the two types of polarization are 
approximately the ssime in field intensity near 
the surface of the earth.^ When the transmitting 
antenna is several wavelengths above the ground, 
horizontally polarized waves resijit in a stronger 
sigixal close to th^ earth than is possible with 
mrtfcal polarization. 
/ 

Polarization of a radio wave is a major 
consideration in efficient' transmission and re- 
ception" of radio signals. Thup, if a single-wire 
antenna is used to extract epergy from a pass*- 
viiig radio wave, maximum signal pick-up re- 
^fiults whep the antenna is so placed phy^cally 
that it lies in the same direction as the elec«* 
trie field component. For this reason, a^vertical 
antenna should be used for efficient reception 
of vertically polarized waves. A horizontal an- 
tenna Bhould be used for reception of hpri^ 
zontally polarized waves. ^ 



Directivity 

All antennas are directive to some extent. 
In general, however, the term **directional an- 
tenna" refers to an antenna that has be^m de- 
liberately designed to concentrate its radiation 
in k relatively narrow beam. The directivity of 
an. antenna refers to the sharpness or nitrrow- 
, ness of its radiation pattern. An antenna with 
a sharp pattern in the horizontal pland hs s good 
^'horizontal directivity". An anteona with ii sharp 
pattern in th§ vertical plane has good *'vdrtioal 
directivity". Antennas that have directivity for 
transmitting exhibit^ similar directivity when^ 
used for receiving. | 

The directional characteristics, of an aui- 
tenna are determined to a' great extent its, 
design and the position in which it is installed. 
Thiis, certain directional qualities are associated 
with each type of antenna. The directivity o^ 
an antenna can be determined *by its ERADI- 
ATION PATTERN'"*. (See figure 5-6.) In figure 
5-6, the rotinded projections of the pattern 
are called LOB£S and the iqdented portions, 
representing minimum energy pick-up, are called 
NULLS. The information contained in the an- 
tenna radiation pattern can be used to determine 
the . }jest operational use for the antenna.' As j 
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Figure 5-6. — RADIATION PATTERN of an an- 
tenna. 
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can be seen, at the lowest operating frequency 
of the jantenna, the pattern is more rounded and 
less directionid than the pattern at the h^hest 
operating frequency. The width of these directive 
lobes is often referred to as the' antenna's 
**BEAMWIDTH''. 

Beam^^dth, of course, varies depending upon 
the type of antenna used.. In general, we use 
three terms to describe the type of directional 
qualities associated with an antenna: OMNIDI- 
RECTIONAL, BIDIRECTIONAL, and UNIDIREC- 
TIONAL. -Omnidirectional antennas radiate and 
receive equally well In all directions, except 
off of the ends. Bidirectional antennas radiate 
or receive efficiently in only two directions, 
for example North and South or East anci vVest. 
Unidirectional antennas} radiate or receive ef- 
ficiently in one direction only. 

Most antennae are either omnidirectional or 
unidirectional. Bidirectional antennas are rarely 
used in naval communications. Examples of an 
omnidirectional antenna are the antennas used 
,to transmit fleet broadcasts or most 'medium- 
to-high frequency antennas used Aboard ship. 
An ' example of a UDidirectional antenna is a 
parabolic, or **dish'', antenna shown in figure 
5-7, As shown in figure 5-7, an antenna (nor- 
mally a half-wave) is placed at the **fo,cal" 
I point and radiates the signal back into a large 
I reflecting surface (called the dish). The effect 
is to trsmsmit a very narrow beam of energy 
that is essentially unidirectional. Figure 5-8 
is a picture of a large^ unidirectional parabolic 
antenna. 



Field Intensity ^ 

Field intensity, or field strength as it is 
sometimes called, is the effective value of the 
electric field' intensity measured at a particular 
point from ^the transmitting antenna. It is very 
seldom that the operational characteristics of 
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Figure 5-8,— Unidirectional Parabolic. I 
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an antenna are as the technical manual states. 

In order to determine the exact operating char- 
acteristics of an antenna, variotis measurementEi 
and tests arer" made after an antenna is iiiBtalled 
and' is being test operated. Often, on the -basis 
of these measurements, changes are nvkde in 
the design or installation of the . antenna to 
improve the radiation pattern* 

,It is very important to know the direction 
^ and intensity of the power being radiated from* 
an antenna. To determine tl»ese values, measure- 
merits of the field intensity are made at various 
distances from and around the antenna. ^ 

In order to determine the field strength or 
field intensity, it is desirable that some^ type 
jtjpdard antenna be used as the basis for all 
parisons. The generally accepted antenna 
is i^<. a standard wire antemia exactly 1 
long. The magnitude of the signal voltage 
licrovolts) induced into this antenna is called 
ABSOLUTE FIELD STRENGTH tad is meas- 

in MICROVOLTS PER METER. , 
The antenna picks up the induced radio wave 
and feeds the induced voltage to ^ sensitive re- 
ceiver. An indicating voltmeter ^is connected 
at the output of the receiver. This voltmeter 
indicates the absolute value of the field strength 
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in rrJlcrovolts per meter. The antenna being teste^l 
cmd the standard antenna being used as a reference 
should both be polarized the same direction. 

Absolute lield intensity measurements are not 
difficult to make. However, the necessary equip- 
ment is relatively complex, bulky, -and must be 
pre-set and acUusted very carefully, ttften, all 
that is necessary to know is relatlvS field 
strength.' Simple field strength meters and a pick- 
up antenna are all that is necessary to make the 
measurements. Again, the pick-up antenna (the 
ax^nna tiiat is being used for referencip) should 
be polarized the.sairie as the antenna untler test. 

Radiation Resistance 

An antenna at the end of the tr^smission 
line is equivalent to a resistance that absorbs 
a certain amount of energy from the transmitter. 
This is the energy that is radiated into spacQ, 
discounting natural* losses that occur in the an- 
tenna. The value of resistance thai woulgl dis- 

< sipate the same power that the antennadjssipates 
Is called the RADIATION RESISTANCE. The 
power that is dissipated in a resistor is equfil 
to i2r. Similarly, the power that is dissipated 
in (radiated from) an antenna is. equal to the 
current at the feed point (squared) times the 
radiation resistance of the antenna. 

Naturally, ^ as we tune an antenna and ef- 
fectively lengthen and shorten it, we are varying 
the amount of resistance offered to a given 
signal. Therefore, the radiation resistance of an 
antenna varies as we vary the frequency of the 

transmitter and tune the antenna. Figure^ 5-9 
shows how the radiation resistance varies*with 
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Figure 5-9. — How radiation resistance varies 
with antenna length. 



antenna length for an antenna ideally^ located 
in free space. The radiation resistance is never 
perfecUy proportional to antenna length because 
of the effects of the antenna height above tlie 
ground and its jproxiinity to nedrby objects^ 

Incident and Reflected Waves 

Whenever we energfize or **feed" an antenna 
with an a.c. signal, waves of energy are created 
along the length of the antenna. These waves 
travel toward the end of the antenna. The waves 
coming from the transmitter toward the end of 
the antenna are called the INCIDENT WAVES. 

As the incident wave travels toward the end 
of the antenna, \he\ large resistance offered \3y 
the * **open-circuit'* at the end of the antenna 
forces the energy back towards the fe^d point. 
This energy, is essenti^y ''reflected'* back 
and is called the REFLECTED WAVE. 

If the antenna is resonant to the frequency 
.being supplied by the transmitter, tHe reflected 
waves and the incident waves are in phase silong , 
the length of the antennA and tend to reinforce 
eacH other. It is at this point that radiation is 
maximum, and the standing-wave ratio (SWR)- 
is best'. )Vhenever the antenna is *not resonant 
at the frequency being supplied by the trans- 
mitter, the incident and reflected waves are out 
of phase along the leng^ of the antenna and 
tend to cancel each, other out. TheM cancel- 
lations are called **power losses'* (I^R losses) 
suffered whenever' the SWR is very poor, such 
as 6:1 or 5:1, etc. 

HALF-WAVE THEORY 

Whenever an antenia is resonant at a partic- 
ular frequency, the electric charge is permitted 
to travel from one end of the antenna to the other, 
and back again, in the time of 1 cycle. Because 
the charge must travel the length of the antenna 
twice, the length of antenna needed to have the 
charge travel 1 wavelength, in 1 cycle Is one- 
half of a wavelength long. Thus, the half-wave 
antenna is the shortest resonant length that 
can be used. 

The basic half -wave antenna is commonly 
called a dipole, doublet, or Hertz antenna« This 
tyi)e of ahtenna will not function properly and> 
efficiently unless its length is one-half wave- 
length of the .frequency to be radiated. Figure 
5-10 shows a theoretical half-wave antenna with 
its feed point at the center of the -antenna. 
Both sections of the antenna on each side of 
the feed point are X/4 1(1/4 wavelength) at the 



96 



Chapter 6— BASIC ANTENNA THEORY 




TRAI^SSION 




13.34 

FigUTd 5-10.— Hklf~wave antenna with the feed 
point at the center. 



operating IrecpienG^. Together, of course, the 
affeotive length of the antenna is A/2 (1/2 
waveleQgtl^ at the operating frequency. One of the 
features of the dipole is that it need not be 
oonneoted to ground. The reason for this is 
that antennas shorter than a* half wavelength 
must' use ground to aohieve half-wave char- 
aotorlstlofl) whereas, the * half-wave antenna is 
alreadiy long^^ enou^^ to prpperly radiate the 
transmitted ngnal. 

At ^ low frequenoies, half-wave antennas are 
rather^ long. Therefore, they are used primarily 
at shoi^e stations whe^e there is sufficient room. 

, It should be pointed out, however/ that due\ to 
more sophisticated antenna systems and tuning 
prooesses, half-wave antennas can be electrically 
aohieVed onboard ship^ and that wavelength is 
becoming less and less the criteria for deter- 
mining the types of antennas to be used oh 
ships. Dipole antenjias may be mounted hori- 
zontally or vertically depending upon the desired 
polarisation and may be fed at the center or 
at the ends. The dipole antenna may be installed 
far aboVe other energy-absorbing structures be- 
oause it is ungrounded. 

An important point to remember is that a 
transmitter is no more" than a source of a.c. 
Thus, If we connect a transmitter to the elec- 
trical center of a dipole via a transmission 
line, the antenna will react as. though an a.c. 
generator were^ set between tw0t quarter- 

* wavelength antennas. Figure 5-11 shoW% the 
disposition of this alternating current. t>uring 
one-half of the alternating cycle, current ^ows 
in tu^antenna from right to left (figure 5-11, 

^view During the nextlialf cycle, current flows 
in the opposite direction (figure 5-11, view C). 

In a half-wave aptenna, the current is maxi- 
mum at the center and zero at the ends (figure . 
6-12); whereas, the voltage is maximum at the' 
ends and minimum at the center. Therefore, 
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Figure 5-11.— AC on an antenna. 
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Figure 5-12. — Current and Voltage on a Mid-fed 
half- wave. 

the impedance i^aries along the antenna, beingf 
minimum at the center and increasing toward 
the e^ds. If energy is fed to a half->vave an- 
tenna at ats center, it is said to be CENTER 
FED (current fedQ; if energy is fed to a half- 
wave anteima at either of the ends, it is said 
tp be END FED (voltage fed).' 

The field radiated by a dipole is the shape 
of a dou^mut (figure 5-13). Part A of figure 
5-13 shows the radiating * pattern of a dipole. 
Part B of figure 5-13 shows a cross-seotion 
of the radiated wave for a vertically polarized 
dipole. ParK£> of figure 5^13 is a cross-section 
of a horizontally polarized dipole. Notice that 
maximum radiation takes place in a plane "that ic( 
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® SURFACE PATTERN 
SHOWING DOUGHNUT 
SHAPE 




(§)CROSS SECTION WHEN © CROSS SECTION WHEN 
- ANTENNA IS VERTICAL ANTENNA IS HORIZONTAL 

i 

1.255 

Figure 5-13^— Radiation pattern of a dipole. > 

perpendicular to tfie axis of the antenna. Miniinuin' 
radiation is ends of a dipole. 

QUARTER- WAVE THEORY * ' 

' Xs was pre^ously explained, a half-wave 
antenna is ^ the shortest pragtical length that may 
be affectively ui^d for the radiation of ^dio 
signals. The /natural question, theti, is; **How 
Hf) we use a 'quarter-wavelength antenna if a 
half-waveli^ngth is the shortest that ^an be 
used?** The answer to that is^ basically simple. 

First o| iall, the ^total radiation from an 
antenna is made' up of two conhponents. Onp 
component is that part of the radiated, signal 
which leaves the antenna directly, and the other 
is a GROUND REFLECTION that appears to 
ci^me from an i^der ground image of. the real 
antenna, as shown in figure 5-14. This image 
is fBlpo^ Sometimes c^led the^^IRROR IMAGE 
and. is considered to.be as far^below the gf<^nd . 
as the real antenna is above it. The antenna 
need not be placed^ at the surface of the earth 
to produce an image. This imagoi^fls, sometimes 
achieved by placing an antennae^ next, to, or ^ 
avove, a large tnetallic ground. In othej^ words, ^ 
instead of usin^* the earth to reflect the other 
half of the desired image, we can^use a very 
^ood metallic su^ace as "ground' i 

Figure 5rlD jshows basic current distribution 
in a real and image antenna, trhere aire certain 




* Figure 5-14.— Direct and **imtge' 



76.103 
signal. 



directions in which the direct. wave from the 
real 'ante^a and the reflected wave from the 
image are exactly equal ' in asnplitude but op- 
posite in phase^Conversely, there are other 
directions In whiclT'th^ direct andreflectedj^aves 
are equal in^ ' amplitud^ and in phase. /Thtis, 
depending on the dlrecuox^ and location of the 
point at which/ the field strength could be meas- 
ured, the \r exultant field strength may b6 '(l) 
twice the field strength from the real antenna 
alone, (2) zero fie^d strength, or (3)^ isome inter- 
mediate value between maximum and minimiun. 
It is this "real" and "image'' racttated field 
that forms the b^sis for using quarter-wavelength 
antennas^ 

A groiinded antenqa which is one-fourth wave- 
length of the frequency to be transmitted or re- 
ceived is known as a quarter-w^ve Imtenna, and 
is sometimes' referred to as a MARCONI ante 
^vFigure 5-16 shows typical current and voli 
distribution on a quarter-^ve Jmtenna.' Nx>t^< 
tttat'lt is vej^ similar to the half-wave antenjla 
in ,this . resp^ ct^ Although ^ e|[ antenna itself 
- --^L Q^^i^ actffas 

i)roducef the, 



is only a quarter-vwaveiengtn, 
another '^quarter-wavel^ngth * 
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. , ,76.104 
•1 J* — Current distribution in a real and 
1 m age ^antenna. 
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Figure 5-16.— Typical current and voltage dis- 
tribution on a quarter-wave antenna. . 

* 'image'* and achieve the desired lialf^wave/f 
characteristics. ^ L ( 

^Thls reflected-energy principte is very useful 
" in the lower frequency ranges, although^ ground 
reflections occur in the hlg^>/trequency range, 
well. Figure 5-17 shows the radiation pattpm \ 



produced by a grounded quarter-wave dntenna at 
a shore trarrtboiiting site^Notide that'^'&e top 
vie^' Bho\v^8 an omnidirectional radiation pattern 
but that the side vle;^ shows essentially half 
of * the necessary signai . fdr proper * radiation. 
The remaining half of the signi^ is obtained via 
ground reflection. 



Anbther method of achieving reflected images * 
is through the use of 7ground planas".Baflipally» 
what this means is t^t.a large r^fldcting metallic ' 
surface is us^d as a, substitute for **ground'' 
or* **earth^'. This method is frequently used in 
the ^VHFAJPF frequency ranges. Figure 5-18 
shoNvs a commonly used UHF antenna (AS-390/ 
SRC) which u'tilizes this principle.^ The ground 
plane is also sometimes referred icy as a 
••COUNTERPOISE", aB is shown here ihfi^e* 
5-18. ^together, the counterQplse* and th^ radials 
comprise *tfie refecting surface which, in turn, 
provide the necessary reflected image. ' 
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Figu^ 5-17.— BAdiation pattern for grounded. Figure 5rl8. — Commc^n UHF antenna utilizing 
quarter-wave antenna. ashore. '^^counterpoise", or ground plane. 
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The trandmis^on of radio waves through 
space iB known as WAVE PRQPAGATlON, An 
electromagnetic. wav6 must be propagatedtKrough 
space to a* (receiving antenna to establish a 
useful' conijt)unications ^syste^)K In any r^dlo 
communications- system, energy in the forrp/of 
electromagnetic waves is generated, by the trans- 
mitter and fed to .an, antenna by means of a 
transmission line.^Tte puit^nna radiates thi^ 
energy rout >nto space at the speed of UgUU 
Receiv^g Eunlteni)^« placed in the path of the 
^traveling radio wave, absorb part' of il\e radiated 
energy and send it through a transmission line 
to a receiver. Figure 6-1 shows a|i example of 
a simple radio comntunication network. 

Successful: communication' by means of radio 
waves* depends on thg po>Yer of the transmitter, 
the frequency used, the distsmce between the 
tr^Lnsmitter , and j^ceiVer, £u:id^Jhe sensitivity 
of the receiver. The ability of the ear.th's at- 
mosphere to coniduct enarg;/ to its destination,.^ 



together with the nature of ^he terrain between 
the sending and receiving ^'points, may -be re- 
sponsible for the frequency used* to transmit 
the radio signal. Int^erring signals can make 
reception impossible a^ a desired time. Also, 
the amount of noise present at the signal fre- 
quency and transmission, line losses may com- 
bine!^ to make unintelligible an otfaerw^s^ good 
signal', \ ' ^ ^ . 



MEDIUM J 
(EARTH'S A-TMOSPHERE) 



Dfjpending upon the f]^quency used, tb^ pri-* 
tntiry ^medium fbr transmissioQ may be the ^ur- 
ftfce of the earth or the free spacfe surroiinding 
the earthr (riormally both), By'^'far the more- 
complex of these/ two irtediums 4fe ^ree spaqe, 
Jherefore,*!! is necessary vthat the nature oliree 
space be kniwn so that its effects on the qual^ty^ 
of transmission may be predicted; Weather coh- 
ditions, changes in th6 level "of radiation frbm 
the sun, and physical obstructions on the earth's 
surface all affect the quality and reUability of 
transmission. Because we cannot control the 
phenomena existing^n the propagating mediums, 
our kifewledge of them is of jjrimary importance 
to achieve successful cob)munlcations. 
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In our discussion of radio wave Propagation, 
a number^ terms are used that c^tdd teV^ to 
cortfusS^ you, if the terms are not understood, 
therefore, the following li^t of defined terjns 
4s provided for ^ur reference, 

ATMOSPHERE— I'he mas^ space surround- 
ing the earth,\lncluding the^^roposphere*, strato- 
sphere, and 4omJ^plie»e,Arfeo called ''free space". 

t ATTENUATION — The decrease in signal 
strength of a^acjjo wave. 



■ ^ [ ' 31,6 ^ CONDUCTIVITY- A fneasure'' of the a^^lity 

Figure 6-1,— Simple Radio Communication Net- of a i^naterial to act as a path lor election 
work, 'flow, (Measured in mhos per meter). 
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\' CRITICAL FREQU ENCY — That frequency be- 
low wh^}i lui electromagnetic wave is bent 
back to earth by' a layer* in the ionosphere. 

DIFPRACTION'— The bgiiding of an electro- 
E^a^^c wave around the ^edge(s) of a solicj 

DIRECT WAVE— x\.radio wave that is propa- 
gated in a straight, line* thrjough space from the 
transmitting to the receiving antennas. 

DISTORTION — An undesired change in an 
electromagnetic waveform. ^ \ ' ' 

FADING— The variation, of radio .signal 
.strength, usually*" gradual, wri^ng the tiine of 
reception. n>L 



;10WEST UNABLE FREQUENCY- (LU I) 
lowest frequency th^t may be used cJvri^g fl-, 
specific, time, Mepiending upon powei* ^Jid^^^d^ 
width requirements. J; ^ ' 



PROPAGATION — The transmission 
t^roitiaghetie (radio) waves fronn'one 
another. 



point iP 





IGAH.ERTZ (GHz) — An expressTSI 
MHz.^ 



GROUND WAVE — A radio wave thatstravels 
(propagdtes) 'clo§i « to . the earth's afrface fiuid 
reaches the receiving antenna without being in- 
fluenced by thp ionosphere.' The grgund wavp 
Includes all components of a radio wave travel- 
ing over the earth 'except the sky (ionospheric) 
wave. ' ■ 

> ■ ^ . 

^ - HERTZ (Hz) — Cycles per seconc^. ' Xr 

INCIDENT WAVES— A teri^ denoting thfi(/l; 
portion 'of a radio 'wave passing from 'one 
medium into 8u:iother which will resu^tt i4si*that 
wave being reflectecj,; -refracted, 'diffj|g?ted, , or 
scattered. "^X 

•> 

lONOS^H^RE— 'That part of the earth's oijter 
atmosphere wher^^ioHizi^tion is present in suf- , 
ficient qu8u:itity to xdafect the propagation of radio 
waves. Also *known as. that portion J2f( the at- 
mosphere above toe stratosphere. 

'* ' ' < 

, MAXIMUM USABLE FREQUENCY (MUF^ — 

The highest-frequency or ftequencies that may 

be used set d i^pecSied time of day forratifb 

communications bet we en*lwo points. 

.NOISE— :Any' extrcmeous electrical disturb- 
ance fending to interferie with the normal re- 
ception of a treinsmitted sign^ 

'FREQUENCY OF OPTIjJdUIvfTRANSMISSION 
^FOT) — The most reliable frequency for propa- 
gation ^t a specific time. / ^ 



REFLECTION — The phenomenon (?Cci^^t^in^ 
when) a radio wave sU^rfte's the sut*f^ce th^ 
• earth at some distance trotn the anteh^^a^ai^ 
. returned upward toward\the ionized laV^r^^ aif' 

# REFRACTION — The phenomenon* cjCpU^X'in^ 
vvhen a radio* V^ve obliquely passe s^JO^ or>^ 
"Medium , to another of different densit/» c^5^sih^- 
the wave to cMnga.di3;ection. • ^ ' | 

. SPACE *WA VP — sometimes called 'the: ^^^Opa-* 
spheric sN^ave. A* rad^p wave that . travel^ en"'- 
> t;ireiy. through the'earth's tropofifpher^ V ' 

^ \ 'SKY/WAVE^ A radio* wave tuit; i^/p^^a^, 
gated itij^acted upon by the ionosyHere, 

^SUN^POT NUMBE^— The number "of 
irregdiihy shaped areas on tlje ^ux^f^ee th^ 
sun caused by violent solar e.ruptr6>^, CO^\fi^ 
and averaged over a period of tim^, tb^y ar^ 
used to ^jrfecttct the average ^unspot aC^^^Vity* 
*'The avera^ge oi these 'numbers is called 
§ Butisjiot numbers"; 

* ' ' . * ' 
• SURFACE- WAVE-- That p4ft of the gf^^nd^ 
-v^a^e that il affected chiefly tjy the QoO^Klho^vitjf 
OTHlie earth. - ' 

. > - • <f. 

STRATOSPHERE — Yhat part *pf <th^ e^th'^ 
atmo'^here lying^ between the troposp^ef® *an^^ ^ 
the ion6sph^e. / ■ >* ' 

^ TROPOSM ERE — The lov^er - of tli^ 

earth^fi atmosphere, lyings between th^ ei^aC^: 
of the elrth and the stratosphere, 

' DIFFRACTION, REFLfeCTlON, ^ I 
AND REFRACTION . -^ / 

One of the many /problems* encoui^ter^^l in 
the propagation of:!ra4io waves Is th^ chAJ^gfe'^ 
able ^conditions of the transmission pat*^ t^^^g^' 
the various medijums/As a radio wave iS tf^^eK 
ing through s^ce,-it can be affected ^-^v^t^seiy 
'or in^ such^^a manner as to ehhaf^^^e ^Oni^ 
munic^oo^. It^ay change direction, ^el^dity^ 




ERIC 



RADIOMAN ;i & -2 



pp cdmpletely absorbed within the propa- 
' ^ting mediun>^x 

The atmosphere, of the earth is the common 
n^eijttuin "for propagation and a study of radio 
propagation is concerned -chiefly with properties 
and affects- of this n^edium. Radio waves travel 
^in tv^b (vays from 'a transmitter to^a receiver: 
'by^'means of GjaJOUND WAVES, ^hich travel 
clo^ to; the surface of the earth or by SKY 
WAVES, ^which travel up to elec^ically con- 
du9tinK> rekioixs o[ 'the earth^'s atmosphere and 
are returrJed to eaLrth>^see figure 6-2). 'Some 
forms Of Ipanfemlsslon are combinations of both 
gr<fund wav^s and sky waves. 

Like other Joyms of el©qtr<Jmagnetic rsbdiation, 
radios waves can be diffracted; reflected, and 
refracted. Grcaind' waVes -are affected paxtiaUy 
by the curvature and electrical characteristics 
of-^ the earfh. waves arq affexjted in vary- 

ing. <legrees by the constant changes talung 
place, in the upper atmosphere. , 

Diffraction ^ • * 

A radio wave is bent whej:i it passes the 
edge of an object. If a beam oi light shirtfes 
on the edge of an opaque screen in a room, 
it can be pbserved that the screen does not cast 
a perfectly outlined shadow. The edges of the, 



shadow sij;e not outlined sharply because the light 
rays are bent around the. edge of the screen 
.whi^h decreases the area of total shadow.' The 
.binding, called - DIFFRACTION, x^sults in a 
change of direction part of the eijergy from 
the llne-of-sight path, / 

, • * • 

Figure 6-3 shows thb diffractfon of waves 
«ound a solid object. The lower the' frequency 
of the wave, or the longer the wavelength, the 
greater the bending of the wave,> Thus, sound 
waves are diffracted mol^e than radio waves. 
Diffraction aids in explaining why radio waves • 
of proper frequency can be recielved on the 
far side of a- mountain or down in a valley and 
why sound waves can readily be hejtrd 'around 
the corner of a building. In the propagation of 
j:adio waves at a distance, diffraction is a 
significcui^ consideration because .the largest 
object to 'be contended with is the bulge of the 
earth itself, ^which preveafc^ a direct passage 
of the wave from' the transmitter to the re- 
ceiv,er. By using high power and very low fre- 
quencies, the waves of a transmitted signal can 
be made to encircle the earth by diffraction. 

Reflection- ^ , 

Radio waves may be reflected from any 
sharply defined substances or objects of suit- 
able characteristics and dimensions which are 




Figure 6-2. — Groundwaves and Skywaves. 
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OIRECTION OF WAVE MOTION 




^ certain types of comiDunications, but it Is utilized 
^ to, a great extent in others. 



31.11 

"Fi^xre 6-3. — Diffraction of Waves around a solid, 
object. 



encountered in the medium of travel. For re- 
flection to occur, the object, or material doing 
the reflecting, must have the right type of sur- 
face, aaid it must be laj^er thfiUi the wavelength 
of the Incident wave. Figure 6-4 shows an incident 
radio wave striking water. Water Is a good con- 
ttuctor and reflector of radio waves. Large, 
smooth metal surfaces of good electrical con- 
ductivity (such as oppper) are efficient reflectors. 

As previously mentioned, reflection takes 
place only when the reflecting surface is large 
compared to the wavelength of the incident wave 
and smooth for an appreciable portion of a wave- 
length, Wherf these conditions are not met, 
scattering occurs. Scattering Is undesirable for 



REFLECTION OF 
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Figure 6*4, - 



BODY OF WATER 

76.104 

- Reflection of Incident Wave from 
body of water. 



RefractlOQ 



I 



Whenever a radio wave passes from one 
medium into another of different density, it will 
be bent to some degree. Figure 6-5 shows a. 
radio wave striking the surface of a hodyjot 
'water. The water, being more dense than air, 
tends to bend the radio wave back toward the 
''normal". The denser medium tends to slow 
and bend thp radio wfive. The amount ipf bending ^- 
that takes placfe Is ;refeyred to ^s the '* Index of 
Refraction''. The higher the index of i-efraction, 
the greater the bending. ^ 



Wlienever a radio wave passes from a dense 
,to a ^less-dense medium, it bends away from th( 
normal. Fi^re 6-6 illustrates this principle. Th 
''nior^ denBe*' mediums and the ''less dense" 
ones are normally layers that exist In the at- 
mosphere. It tDust be remembered that when- 
ever 'a radio' wave Is propagated, it Is pe«stantly 
being diffracted, reflected, and refrat^ted, si- 
multaneously^. 

A common error is *the assumption that re- 
flection and refraction are very similar because 
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Figure 6-5. — Radio Wave striking the surface ol 
a body of water. * 
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Figure 6-6, — Radio Wave passing from a more 
dense medium to a less dense madium. 



they return ra^io waves back tg^arth for recep- 
tion. However fi, as shown in figure 6-7, the 
refracted, wave is **bent** back to eiarth. As 
radio 'waves • are propagated, some of them 
make large 'angles wi^ respect to the hori- 
zontal along the earth (fig. 6-7(A)), These waves 
are refracted a small amount and pass on through 
the various layers of the atinosphere and into 
outer splice • Still other wa^es of the same 
radio signal make small angles (fig, 6-7(B & C)), 
th©reB5r travelling a greater distance in the 
layered medium and may be bent back towards 
earth gradually. The net result is as though, 
the wave had been reflected back to earth. 



compos: 

EARTH' 



ON OF THE 
TMOSPHERE 



The atmosphere about the earth is not uni- 
form. Changes in moisture content, temperature, 
and density occur at different heights and geo- 
graphical locations or even with changes in 




Figure 6-7. — Refraction of Radio Waves in atmosphere. 
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chapter 6;-R.ADIO. vyAVE PROPAGATION 



time of day, night, season, or year. To assist 
in understanding the effects of these changes 
on radio' waves, three regions Mve been 
identified in the atmosphere. These three i^egions 
are troposphere, stratosphere, and iono- 

sphere* Their positions with relation to each 
other are shown in figute 6-8. The troposphere 
extends frona the earth's surface to heights of 
about 6 to 10 ;Diles. The stratosphere, lying 
between the troposphere and.Honosphere, ex- 
tends from approximately 10 mhes to 50 miles 
above the earth's surface. The ionosphere ex- 
tends from approximately 50 miles to 250 miles 
above the earth's surface, 

TYPES OF RADIO WAVE ' 
PROPAGATION 



The radio wave that is tr 
antenna has two major compo: 
wave and the sky wave. The 
nent of "the transmitted ra 




tted from an 
hts: the ground 
wave compo- 
ave consists of 



two parts. One part travel^ along the ground and 
follows the curvature of the earth and is called 
thd surface wave. The second part is the space 
wave, which undergoes refraction, reflection, or 



IONOSPHERE 



50' 250 MILES 



STRATOSPHERE 



10- 50 MILES 



TROPOSPHERE 



6' 10 MILES 



scattering in the troposphere. The sky wave', is 
radiated in an upward direction and may be re- 
turned to earth at^some distant location due to^ 
refraction or scattering from the ionosphere. " 
The amount of bending of the sky yave by the- 
ionosphere depends upon the frequency of the 
wave and the density of the layer&iito. the iono- 
sphere. The higher the frequency of the radio 
wave, the farther it penetrates the ionosphere, 
and the less it tends to be bent back toward earth. 

Surface Wave 

A surface wave is that part of the ground 
wave that is affected chiefly by the conductivity 
of the earth and is able to follow the curvature 
of the earth's surface. The surface wave is nyt 
confined to the. earth's surface. Parts of it 
extend upward to .considerable heights in the 
troposphere,^ diminishing in strength as it in- 
creases height. 

The earth itself .is a partial conductor and, 
upon contact with, its surface, some of the 
energy of the surface wave is ab^orlDed and 
rapidly wasted in the form of heat. Losses suf- 
fered by surface waves are sometimes 
extensive, resulting in a badly attenuated (weak- 
ened) communications signal. The amount of 
attenuation depends on the relative conductivity 
of the earths surface, which may vary ac- 
cording to tei:rain. Table 6-1 gives the relative 
conductivity for various types of surface. As 
can be seen, sea water is the best type of 



Table 6-1. — Relative conductivity of surface types 



[SURFACE OF EARTH) 



Type of surface 


Relative 
conductivity 


vSea Water 


Good ^ 


Large bodies of fresh watc^r 


Fair 


Wet soil 


Fair 


Flat, loamy soil 


Fair 


Dry, rocky tcnrain 


Poor 


Desert 


Poor 


Tl^jagle 


Unusable 



76.107 

Figure 6-8. — Positions of atmospheric mediums 
in relation to each other. 
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surface for surface wave transmission. Sea water 
makes possible the long-distance coverage at- 
tainable by fleet broadcasts that use surface 
wave transmissions of very lo^w frequengies. 

In general* the aurface wave is transmitted 
as a vertically polarized wave and remains ver- 
tically polarized at appreciable distances from 
the antenna. Vertical polarization is used be- 
cause the earth has a short-circuiting effect on 
a horizontally polarized wave. Overall, ver- 
tical polarization is superior^ to horizontal polari- 
zation except in heavily wooded or jungle areas. 
The reason is that most foliage gro)vs vertically 
and absorbs vertically polarized energy. 

Space Wav^ 

While the characteristics of the surface wave 
serve to explain long-range propagation of very 
low frequencies usin^ high power, they do not 
seem to apply to reception of higher frequencies 
within and slightly beyond the radio hori^n. 
Such signals are considered to be propagated 
via the space wave. 

Space waves are composed of two com- 
ponents: Direct waves ,and ground- 
reflected WAVES. The direct waves travel 
in a direct line-of-sight path from a trans- 
mitting antenna to a receiving ajatenna. This 
component is limited only by the^^ttstance** to 
•the horizon (or line of sight) from the trans- 
mitter plus th^ small distance added by the at- 
mospheric diffraction of the wave around the 
curvature of the earth. This distance can be 
extended by increasing the height of either 
thi^ transmitting or receivinjg antenna, effectively 
expending the racUo horizon. Figure 6-9 shows 
the possible routes that a ground wave might 
take. 




■ '31.12 

Figure 6-9.*— Pct^siWe routes for groundwaves. 



caused by reflection) results. Thus, ^ the re- 
flected wave arrives af^the receiving, antenna, 
nearly 180-degrees out of phase with the direct 
wave. An undesirable cancellation of sighal energy 
results. 



Sky Wave 



That portion of the radio wave -which move a 
upward and outward and ts not in contact with the 
earth is called the sky wave. It behaves i^milarly 
to the ground wave in that some of the energy is 
refracted, reflected, and scattered, and some of 
the energy is lost in dissipation within the at^- 
mospheric layers. A receiver located in the 
vicinity of the returning sky wave will receive 
strong signals even though the receiver is sev- 
eral hundred miles 'beyond the range of the ground 
wave. 



A ground-reflected wave, as its name indi- 
cates, reaches the receiving antenna after it is 
reflected from the ground or sea. In figure 
6-10, it may be seen that the waves start out 
with fronts of equal phase, continuing in phase 
up to the point of reflection of the ground com- 
ponent. Beyond this point, corresponding wav^es 
are 180-degrees out of phase. This phase re- 
versal is important in determining the effect of 
the combining of the reflected wave with the 
direct ^ave upon arrival at the point of recep- 
tion. Because the reflected wave travels a longer 
time in reaching its destinaticm, a phase dis- 
placement (over and above the ISO-degree shift 



* Ionospheric refracted sky waves are gen- 
erally the only usable wav^s for long range 
communications, figure 6-11 illustrates some 
of the ma^ possible paths that radio Waves of 
various frequencies may take between a trans- 
mitter and a receiving station by refraction 
in the ionosphere. Notice that some of the waves,, 
which are assumed to be of too high a frequency 
for refraction in the ionosphere, pass on ttirough 
and are lost ^o space. Other radio waves,, 
which are assimpd to be of the correct fre- 
quency for refrajtion from the ionosphere, are 
returned to eartft and provide communications. 
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In figure 6- ^ ^^P- that .the , term SKIP 
• • DISTANCE is thcUPkuv o from the* transmitting 
^ antenna to the neai oot point at which the re- 
; fracted waves ^re^turn to earth, Alao notice the 
difference » between the skif)^ distance and the 
. SKIP/ZON^. The skip zone is the -cone between 
the'^d of the ground wave and the point wHere 
the isky wave first returns to earth. The skip 
dist^ce depends ugon the density of the iono^ 
sphere. The . skip zorie, depends upon propagation 
c hair acteri sties of the ground wave in relation, 
to ;the Bky wave. The zone itself may vary,fron^ 
inihute to minute for the same signsd as propa- 
gati\)n conditions change. Generally, however, the 
zone is relatively stable and remains approxi- 
n)ately the same. 



BASIC TROPOSPHERIC 
PROPAGATION 



Pq|p 



• TropQipheric radio \^av6 propagation depends 
on weather' conditions. Weather conditions in the 
troposphere^ vary from minute to minute ^ maicing 
it the least predictable layer of the atmospheric 
madium. The troposphere«4s the lowe&t region 
of the atmosphere, extending from the earth's 
surface to ,a height* of from 6 to 10 mile-s above 
^the surface. Virtually all weather phenomena 
occur in this region of the atmosphere. J' 

Refraction of radio waves ^ tlfe troposphere - 
is a function of various meteorological variables. 
• Because of the uneven heating of the earth's 
surla^e^ the air in the troposphere is in con- 
star^ moliX)n. This^m'otion causes small tur- 
^ hulence,s, -iJr ^dies, to be formed. These 
f'>ivturbulence^ are '^uite similar to whirlpools of 
water. The tuitbulence is at its greatest in- 
iy^tensity near thf^^urfacb pf the earth and gradually 
'i^inishes w|ch, altitude. 




' A^. 'ti^<^pi^^p>XiM that componeiu 

&JI^!^^^P^y^W^ lower 
; atilBos«fel^/ '^i^^^^^ ^Sl^ ^gjPia^^ humidity, at- 
^ m o 8|>^|lllt^^e1$$^ r a tur e . A t he i gh t s 

of "a^.few thous£md'*{e'et' to* approximately 1 mile, 
huge masseSj^ wgurm^^d cold air exist near^ 
to each otl^er, causing rapid changes in tem- 
'peratute tga^ pressure. The resulting refraction 
' apd i'efiecf^bn make it possible to commurucate 




pvej|fl|^ Vr distajices than that possible using 
'the ave alJbne; ^ 

^SJL'eniperature mversion is a common cause 
of tropospheric refraction^ especially when warm 
layer's of ,air arS located above cooler layers. 
This rhayf^esult from the rapid cooling of the 
earth's stiriace after sunset or -the heating of 
ulr above - a cloud layer by reflection of sun- 
li^ht/from the upper surface of clouds. 



Forward Propagation 
Tropospheric Scatter 
C om m uni c ati ons 



Ti^e troposphere is used for* many types of 
communications, such aS radiotelephone, radio- 
teletype, 'and data transmission. Much of this is 
m^ide possible through a system known as for- 
ward propagation tropospheric scatter (FPTS), 
also known as **tropo-scattef Basically, tropo- 
scatter utilizes the reflective and refractive 
properties within the troposphere. When a radio 
signal is iDeamed to an area in the troposphere, 
part of it goes through a complex series of 
partial reflection and refraction, causing energy 
to be scattered and to become partly diffused. 
jThis "beaming" is done, via, parabolic antennas 
*'such as 'those in figures! 6^12 and 6-13. These 
antennas are very directional, hence lending 
themselves well to this type of communications. 
Figure 6-14 illustrates the way that these para- 
bolicie are used f(^ tropo-scatter. 

The scatterijii^ phepomenpn in the troposphere 
'is based on the theoty that turbulences prevail- 
ing in the troposphere cause scattering of the 
signal beyond the horizon. The term ^'scattering" 
tends to imply that the signal is spread in all 
directions. However, this is not the case. A 
characteristic of tropo-scA$ter is that the energy 
in the main beam is scattered in a forward 
direct' ^ hence the use of the term "forward- 
pr ^ .i^aujd". The lower the angl3 of the beam 
with respect to the horizon, the better the 
t M'\v:aj:xi-propagation characteristics of the sig-' 
xiai. A reetiiving parabolic, beamed at the safne 
area in the troposphere as the transmitting 
antenna, will pick up the transmitted energy 
for further processing. 

The amount of received energy decreases as 
^e height of the scatter is increased. There are 
two reaspns for this: (1) the scatter angle in- 
creases as the height is increased, thus de- 
' creasing. the forwardpropagation characteristics. 



107 



11 



ERIC 



IL\D10iMAN 3^2 




31,13 

Figure 6-10, ^Direct and Ground-oreflected waves are out of phase. 



JHE^E WAVES PASS THROUGH 
THE IONOSPHERE AND ARE LOST. 




31.16 

Figure 6-11, — Possible paths for/radio waves. 




and ,(2)^ the amount of turbulence decreases with or multi-path propagation. Thej||^^ received 
the height in the troposphere » thus reducing the at any one time ar e ^^S~ 
amount of reflection and ref reyption taking place nals received f rona ^HP'^'I^V^^ 
at any one time in the beamed signal. It should the main beam, 9Smm mrmKR confflBons are * 
be noted 'that as greater distance is attemyte^ constantly changing, ^ transmission paths and' 
with FPTS, the received signallevel decrejfees; individual signal levels are aleo changing, re- ^ 
This is because the ingle musi be increased ejilting in a rapidly changing signal. Although 
to achieve greater height, thus decreasing the ^ the signal level is constantly changing, the avet- 
receive potential. The beam takeWf angle of age signal level is relatively consistent. There- 
transmitting and receiving ante nnaV for FPTS fore, no complete signal lade-out occurs, 
is always kept as low as possible^ depending 
upon lodal terrain and general gepgraphical 

location. Another characteristic of a tropospheric scat- 

ter signal is that most of the transmitted beam is 
not picked up by the receiving antenna, the 

Since tropospheric scatter depends on tur- efficiency is very low, and the signal level at 

buiences in the atm^o sphere, changes in atmos- the receiving station is very low. To compensate 

pheric conditions will affect the received signal for this low efficiency in the scatter, the in- 

^eveL Both daily and seasonal variations are cident Ipower must be high.^ Thus, high-power ^ 

noted. These changes are associated with a term transmitters ^d high-gain dbtennas are use* 

known as 'aong-range fading'' characteristics, to concentrate the' tr^ansmitted power into the 

There is also' a term known as * 'rapid-fading'', beam, thus increasing the intensity of ener^ 

which is associated with multi-path transmissions radiated. The receiving' antennas are also very 
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Figure 6-14. — Tropb-scatter propagation. 
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Bensitive, thus enabling them to detect low- 
level signals for further processing. Since tropo- 
BCatter is considered to be relatively short-range, 
a series of relay stations .with built-in signal 
amplifiers are used to achieve long^rah^ trans-i 
mission. 

BASIC IONOSPHERIC 
PROPAGATION 

The ionosphere is found in the rarefied at- 
mosphere, beginning at approximately 40 to 50 
miles above the earth. It differs from other at- 
' mospheric layers ijn that it coritains a much higher 
number of positive and negj^ive ions. It is known 
that the atmosphere is under copstant bombard- 
ment by radiation and particle showdrs from the 
sun as well as by cosmic rays. Radiation from 
the Sim includes not only light rays that can 
be seen, but iilso the entire spectrum,, ranging 
from' infrarfed rays to ultraviolet rays. Radiation 
'from the sun , is capable of dislodging some 
loosely ybound electrons from gas atoms that- 
make up the dense gfises in/the upper atmos- 
phere. Therefore, the ionosphere has a large 
niunber of ionized gas atoms as well as free 
electrons'unassociated with any atom. 

At altitudes above 350 miles, the particles 
of air arq far too sparse to permit large- 
scale energy /transfer. Ultraviolet radiations from 
the sun are absprbed in passage through the 
upper layers oi^the ionosphere so t^^t below 
an « elevation off 40 miles, very few ions exist 
tBat would affect sky wave communj^cations. 
Therefore, sky wave communications depends 



primarily upon the ionospheric conditions ex- 
isting at*the time of transmission., 

Densities of ionization vat 'different 'heights 
make the ionosphere 'appear to 'have layers. 
Actually, there is thought to be no sharp di- 
viding line between the various- layers, but they 
do exist and, will be separate here for ex- 
^^nnation and clarity. 

Figure 6-15 shows the various* layers as- 
sociated with the ionosphe.re at night and dur- 
ing the day. The ionized atmosphere at an 
altitude of between 40 and 50 miles is called 
the **D" layer. Its ionization is low and ha& 
little effect on the propagation of radio waves 
except fdr the absorption of energy from the 




NIGHT 




DAY- 



, ^ , 13.28 

Figure 6-15.— Ipnospheric layers at night and 
' during day. " *1 / 
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wav^ as they pass through it. The D la>^r is 
present only during the day, us presence re- 
dupoB the field intionsity of radio wave trans- 
misBlons during the day, ' 

The ^^E'' layer exists at altitudes between 
50 and 90 miles. It is a (Well defined layerVith 
greatest density at an altitude of about 70 mil^es. 
This layer is strongest during daylight hours, 
and is also present, but much weaker, at night. 
The coaxlnDun) density of the £ layer appears' 
at about noid-day. During this part of the. day, 
the ionization of the E layer is sometljnes ^suf- 
ficient to refract frequencies in the tipper HF 
band back to earth, ^This action is of ' g^eat 
iniportance to daylight transmissions for dis- 
tances up to 1,500 miles, ^ 

^ The *'F'' layer extends' approximately, frgm 
the 90 nolle level to the upper limits of the iono- 
sphere. During daylight hours the» P layer is 
divided into Jtwo sections: the ,.Fi and the ^2 
layers'. Shortly after, sunset, the Fi and the^ 
F2 layers combine into the single F layer. 

In addition to the layers of ionized atmos- 
phere that appear regultrly, erratic patches of 
ionized atmosphere occur at E layer heights 
in 4tjie manner that clouds ^ appear in the sky. 
These patches are referred to as Sporadic,- E** 
ionizations. These sporadic ionizations may ap- 
pear in considerable strength and prove quite 
harmful to electronic transmissions. 



IONOSPHERE- 
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Figure 6-16.6— Iqnosphere **bends" wavfes back to 

earth. 



and return to earth. The sky wave in figure 6-17 
,is assmned to be composed of rays that emanate 
from the antenna in three distinct groups^ that 
are -identified according to the fiingk^^bf elpva- 
tidn. The angle at which the group 1 rays strike 
the ionosphere is nearly vertical and will not 
be returned to eai'th. The radio wave strikes 
the ionosphere, is bent out of Hne slightly, 
but passes completely through the ionosphere 
and is lost. 

The angle made by the gr^p 2 waves is 
called the CRITICAL ANGLE for that frequency. 
Any wave that leaves the antenna at an an^e 
greater than this angle will penetrate the 
ionosphere. 



Effect Of lonospher^ 
On The Sky Wave 



The ipnosphere has many char£fx:teristics. 
^me waves penetrate and pass entirely through 
it into space, never to return. Other waves 
penetra^^ but bend.' Gend^rally, the ionosphere 
acts as a conductor and absorbs energy in vary- 
ing eimounts from the radio wave. The iono- 
Bphera also bends (retracts) the sky wave back 
to the earth, as ^own in figure 6-16, 

The ability of\he ionosphere to return a 
radio wave^ to the earth depends upon the angle 
at which the sky wave striltBs the ionosphere., 
the frequency of the radio ^ave, and the ion 
density. When the w^ve from an antenna strikes 
the ionosphere at an an^e, the Wave begins to 
bend, tf the frequency and. angle cure correct 
and 'the ionosphere is sufficiently dense, ^ the 
wave will eventually emerge from the ionosphere 
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Figure 6-17. — Three grpups of radio waves 
cording to angle of elevation. 



^ RAQIGmaN 3 Si 



Grbtm 3 w^s strike the ionosphere /at the 
smrfUesrVngle lhat wiU'be refi^acted and stIU 
bei ratuaAiedf to; eartb. At any ;«maller .angled 
the' waves /^r|U be refracted buV"wiil. not i*e- 
turn* to eazih/ • > A 

^ ^ . • : A ' - \: 

As the frequency - AcreaM s, vth^ initial angle 
decreases. ^ Low frequeociafl can be' projected 
s&^ght 4ipward and will be ^ returned to tlie^- 
earth. The ' hlghe%t frequency that- can be sent. 
^ B^ectly upwaiji, and/ still be refracted back to' 
the earthr.is dailed the CRITICAL FREQUENCY. 
At sufflciexitly higti irequencies, r^ardless of 
the angle which the 'rays strike the iono- 
sphere, the wave will. not be returned to earth. 
yThe^ of itidal frequency is .i)iot constant but varies 
^^^from* (Dne locality to an6ther/^ith jJie time-of 
day, .with the season of th^ year,*' and .with the 
sunsj^t cycle^ , [ . ' ^ ^ 



Because of. this .yai:i^tion in tiie l^rititial 
frequency, frequency tables are issued thai pre- 
dict the m^ximunn usable frequency (Mi/f) for 
every liour of the day for every locahity^ in 
which transmissions are made. These frequency 
tables are" prepared fronj . data obtained ex- 
periinentally from statidns scattered alF bver the 
>«ferld. All of lliis information is pooled, and 
the results an tabulated in the form of long 
range predictions that remove some of the 
{^esBwork from transmissions. 

Absorption In The Ionosphere 

' As a radio wave passes into the ionosphere, 
it loses some of its. energy to ttle free elec- 
trons aji^d ' ions contained in thip part of the 
atmosphere. Since absorption of energy is d^- 
p^ndent upon collision of particles, the greater 
the^ derfiity of the. ionized layer, the greater 
the prottibility of collision, %nd therefore, the 
Vgreater rthe. absorption. The highly (dense D and 
E layea^^provide the greatest absorption for 
the ionospne^^ip wave. 

Variations In The Ionosphere 

Sky wave intensity varies from minute to 
'"^'^nute, month to month, and year to year be- 
cause of variations in the 'ionosphere. Since the 
/ ionosphere exists primarily because of theradia- 
^ iion of the sun, any vaxiation in the strength 
y this radiation will cause a corresponding 
cllange in Uie ion ctensity of the upper at- 
mosphere. Some gf the variations in the iono- 
sphere are periodic and their effects on radio 



frequencies 'can»^be-^jfiiticipa%dJ^ un- 
predictable,- 'and^while^' their effects are. pro- 
nounced, there is little tha^ I cai^Mbe dohb but 
to realize .^that' they maw^^cur. Periqjiic varia- 
ti<Hi8 .can be divide^ 4ntb daily,' seasonal, euid 
sun^ipot cycle variatioAs. Unpredictable varia- 
tions arcP^usually the resuljt of the sporadic 
^ B*/layei* an^ Shoyt Wave Fadeouts (caused by 
sudden solsil* flaJT^-ups). 

PeilSdic Variations 

Daily variations are caused by the 24^hour 
rotation of the earth about Us axis^ In the 
daytime, the iono^here consists of the tovp: 
ionized layers previously mentioned. At night- 
in the F region, only the F2 layer exists ^Mofar 
as regular HF propagation i^ concerned. Thi^ 
nighttime F2 layer is formed by a combination 
, of the daytime* Fl and F2 layers that merg^ 
during evening^hpujjs.^;. 



Seasonal vairiatiCns occur as the intensity* of 
the ultra-violet light which reaches arw ^ven 
spot in the earth's atmosphere Va^^ wL^ the 
position of the earth in its-orMt a^etmd the 



sun. 



Sunspot activity varies in conformance to an 
11-year cycle^ Sunspots are pr^)ortional to 
proximate^/solar radiation ^aiiarto the total ioni- 
zation of ^ey atmosphere.' During i>eriods of 
high sunspc^ activity, ionization dl var^j^s layers 
is greater than usual, resiUting in hi^er critical 
frequencies for the E, Ff, and FgTayers, and 
higher absorption in the D layer/confeequently, 
higher frequencies can be used for communicl^^ 
tion over haftg distances at times of greatest 
^ sunspot. activity. Increased absorption ^in the D 
layer, which has the ^eatest'effecf on the lower ^ 
frequencies, requires higher frequencies. The . 
oyerall effect is a general improvement in propa- 
gation condition^ during years of maximum sun- 
spot activity. ^ ' 

FADING ^ ' ^ 

Fading is the variation of' radio sign&l 
strengtlj at the receiving end of a transmisaon. 

« Sipials receiv4?d over an ionospheric path may 
vary in intensity ^ver short periods of time. 
There are three tnajor reasons for fading. 

• When the radio wave is refracted in the iono- 
S]^here or reflected from the earth's ^rf ace, 
random variations in polarization of ihe wave 
may occur, causing changes in the received sig- 
nal level because of the inability of the aj^ima„- 
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to receive polarization cha^iges. Fading r^sy also 
occ^ if the -operauteg frequency selected' is too 
close to the MUF (Maxinoum Usable Frequency)^ 
i lfylthls is tfie case; any sliglit change, in the iono- 
Bffkxfs^ mig^t cause a change in sighal strength, 
l^ajdfng also results ufonTNabSorption of the sig- 
nal energy' in tte ioIIpspWrej? Absorpticm fadiffig 
occurs for a longer, peridd/ of tfiSie thffir-other 
typ^fr-of fading becajjee q/' the lerigte of time 
required for an ionized layer to chalnge' ii^ipni- 
zation potential. However, the^aje^r cause of 
leading on ionospheric circuitsS^*s .caused by 
multipath propagation. 7 



Multipath Fading 




Selective F aiding 



Fading resulting from multipaUy^ropagation 4 
is variable with -freq^Tency since each fjfeq^ency * 
arrives at - the receiving site via a different 
path. When ft- wide ban^^of frequencies', subh as 
multichannel Single sideband, is transmitted, the 
frequencies in the sideband^ will vary In the" 
aiflount (if any) oI fading. This viriatiqn is 
called selectij/e fading. Whenever selective lad- 
ii^ occurs- air fibequehcies within -the ei\yelope 
of the transmitted signal may not retain their"* 
original phase" relationship and ^relative aJmpli- 
tudes. Tms fading mjpiy c^use severe distortion 
of the signal §nd lTmi\ the total bandwidth which) 



1^ **Multipath'' ip |he tterm usecj to delferibe 
the types of propagation that undergo chariges 
en r^ute to the receiving site, causing them to 
arrive in' a time fran^e that {s lai^ £han the^ 
signal reflected from the ionosphere, . i 

Figure 6-li6 shows the various paths a,'§ig-" 
nal can travel between two sites. One signal, 
the ground wave, may "follow the path XYZ, 
Another signal, refracted from the E layer 
(XEA), is received at A, but not at Z. Still 
another path (XFZFA), results from a greater 
angle of incidence and two refractions from the 
F layer. At point Z, the received signal is a 
combination' of the ground wave and the sky 
wave. If th^se two waves ar^received out of 
phase, they will produce a w^slk or fadj^g sig- 
nal. If 'they are r^eived inl phase, the waves 
will produce a stronger sigiml. Small altera- 
tions in the ^transmission path^'may change the 
phase relationship of the two signals, causing 
perioijdc fading. This same addition of signal 
components o<?curs at point A, At this point, 
the double-hop signal from the F layer may be 
in pr out .of" phase with the signal arriving from 
the* E la5(er. 



ca^i be tranjsmitted. 

frequency .bands and 
'characteristics 



y For practical, purposes, it is convenieift lo 
classify RF "^emlssionsjnto frequency bands ($ee ' 
Table 6-2),^ Whereas each band of frequencies 
has similar' pj*opagation effects, theyalso have* , 
very recognizable differences. These differences ^ / 
are not always sharply ^defined- because of the^ 
nearnjsss of the upper ends of some bailds wlfhr 
resnfect to the lower end of tiie next^ higher ^ 
band. The greatest diffajwilfee in propagation 
characteristics occur n^|ff\ mid-band between 
two ban^s. Norrpally, wheriAm upper or lower 
limit of ^frequency is designated for a certain 
propagation effect, it doeisjnot mean that £uch 
an effect stops at *those limits, but that it The- 
comas negligible beyond such limits. 



Medium -Frequency Band (MF) f 



^ f y 20,254 

Figure 6-18.^ Various paths of signal travel. 



Only the upper and lower ends of the MF 
band (0,3 - 3 Iv^H^ have naval use because" 
of the commercial'' usage of this band near 
mid-range (0,55 Jki^O MHz), Frequencies in. 
the lower portion MF band are used mainly 

for ground wave transmiosion for moderate dis- 
tances over water and moderate to short dis- 
tances over lanS, Tha^Navy utilizes the upper 
portion of the MF b*id (2-3 MB?) quite ex- 
tensively. The range of communication in' the 
upper portion is generally moderate and de- 
pendent- upon the type of antenna used and thb 
output power of the transmitter. Usually, be- 
.pause of the. rath^/ long antennas required; 
this band is utilized with horizontal wlr^ an- 
tennas where antenna space is unrestricted. In 
mobile applications, whip antennt^are normally 
used in.this fregueijicy range. ^ 



T<ble 6-2,— Radidrprequency Spectrum 
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High-Fr^que^cy^ Band (HF) 

The»^,HF band^ (3 - 30 MHz) employs iono- 
spheric propagation for long-range ' skw wave 
commiinlciatiaaj The HF 'band is the pribcipal 
frequency range useii for Navy ship-to-shore 
^communication circuits. Communications publi- 
cations that -predict pjppagation cdnditions for 
, this ^band' are published ^i)eriodically, (NTP-'6, 
SuppAi Series). 

Ultr^HiglTF^Iquency 

Band (UHF)^ ' ' 

Almost all of th^ energy transmitted from 
point to point in the UHF band (300 - 3000 
MHz) is propagated ttfrough th0' troposphere 
along a curved path. The, refracted path may 
be> assumed to be a straight line path extend- 
ing to' distances of %f|praxiniately four-thirds 
times the truefhorizon. However, the transnnssion 
range of this band|-'may be extended several 
hundred m He s further* by meffls of tropo-scatter 
l)ropagation. 

Ground reflections are still present at ultra- 
high freouencies and can c^use multip&th fading 
due to ^terference, although such reflections 
become less important at the higher endof this 
band, Howevei;» a second type of multipath f ad- < 
ing 'can occur when parts of the wave are re- 
traced through higher layers of the atmosphere 
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and beconie bent sufficiently to return an^ 
bipe with' the 'Avave received over a lower, 
more direct path. ' ^ ^ 

/ Atmospheric and man«^made "Bftise in this \ 
freqaency band is' extremely low. Most noise > 
encountered emanates from the equipment itself, ' 
both, 'transmitting and. receiving. This is due* ^ 
to the circuit de^ljgn inherent in most UHF equip- 
ments. , Because of the increased frequency, 
component parts ettid assemblies are normall}^ 
snTaller and . spaicing more critical. IndudtiVB * 
and capacitive reactances are normally higH|\ 
hence 'the greater noise associat0d with UHF 
equipment. ^ ' ^ 

Super Ancl Extremely High 
Frequencies (SHF and EHF) 

The Super and Extremely High frequency 
ads have vei:y limited application in Naval 
]omyiunications. Although future *plans ccill for 
the u^e^^ef^these two frequency bands, the pri- 
m^ary. utilization, at the present time is in. the 
lo<ver SHF band (3-13' GHz) for satellite com-, 
munication systems. 

Transmission at 'the SHF and EHF bands^ 
iV very Idifflcult because of the nature of ttie' 
radiatedVftve. V^velengths St these frequencies 
are very small, -^Qausing a grefit deal of re- 
flection of the incident wave. Almost any object 
will act as a reflecting surface in this fre- 
quency range, almost as if the atinosphere A 



1 o 



Il4 



r 



Chapter 6 — '^R.VDIO WA VE PHOPAGAvTION 



' were -made up of an infinite axnouht of email 
/•*)irrors, e.ach reflecting the incident wave in 
a <lifferent c^ij^ection. llhis phenomenon is some- 
times called DIFFUSE * REFLECTION and is 
quite . prevalent iYi the^'siiF^and EHF frequency^ 

/ranges, la addition, injgid^n^adiation will also 
be absorbed by the eaj^lm's vegetation. Even 
rain cak cause scatfffing and absorption in 
these freiqueticy ranges. If the drop is 
comparable to tHe wavelength of the propa- 
gated waVe, ^a substantial portion of the trans-^ 
mitted energy will be reradi^tedfr:.QTn 'the raindrop 



in many directions.. This phenom^t)C>li,, ^ov^^^ 
as SCATTERING, bas an attenyaUn^ e^f^ct 
radio waves. ,The attenuating ^f/et ^^u6^^ 
by the incident ener©^ that IsAb^orD^d^ 
virtually trapped and converted into he^^* 

The potential losses i;nherent at thl^'fil^^^ 
quency range are ' overcome thjOu^J^ tb^ u^^ 
of sharply, beamed incident waves uti^^z*^^^^^ 
directional t^arismittiiig' antennaSk, 'ftxe ^iSe '^^ 
directionaX antennas (such as parabouc;^) notor^^ 
enhances transmission success, it ^l^^^^ur^^ 
' the conservation of necessary inci^j^nt Pow0^* 
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BASIC TEST EQUIPAAENT 



Cominuiiicatlons personnel have become de- 
pendent upon electrical and electrpnic equipment 
to parlorro their day-to-.day tasks; Thip haa/teen 
• iMn^ V^ .by the vastnesB and cotnjUextty 
;0l OOiDinunioatione itself. It has been proven 
tliat tiie effectiveness of^ naval tactical and non- 
tactical forces is- to a large -e^nt dependent 
upon coroiniiniCAtions. Therefore* the reliabil)^ 
of coinmunicfationa equiprnent nlust be maliA 
talned at 611 tj«nes« Many factors enter intoi 
detern)inin^ tte reliability of the equipm^^nt/^ 
One is the quality of the ec^lpfnent itself. Anottjej ' 
is the a]^j[ity of operating personnel to pfSp" 
erly perform their* jobs. Lastly, and perhaps 
most izni^ortant, is adequate maintenance. 



Mainfeiiance is work ddra to correct, reduce, 
and coifnteract wear and damage to eqjuipment. 
Maintenance of communications ^ equipment is 
diyld^d-into two main categories; PREVENTIVE 
• (routine) maintenance and CORRECTIVE main- 
tenance. Preventive maintenance consists of 
routine checks, ipade periodically, to determine 
whether the equipment ife functioning properly. 
Preventive maintenance usually consists of visual 
inspection of equipment component parts and 
wiring for damage and ^'ear, as well as periodic 
lubrication and component adjustment pro- 
cedures; Corrective maintenance is used to isp^ 
late equipment" troubles (by means of test 
techniques and practices), to replace defective 
parts, and to realign and readjust equipment 
or to otherwise bring the equipment back to 
proper performance. ^ 

Depending upon your level of skill, you wiir 
have to make many preventive checks on com- 
munications equipment. It is necessary that all 
poromunications operating personnel be able to 
inake ' routine trouble-checks on the equipment 
.that they operate. It is usually through the 
routine checkll of operating personnel that po- 
tential problems' are detected and corrected be- 
fore they can become major problems. It is 



jjot always necessary th^t you, as an operator, 
be able to repair electronics equipment^^ How-' 
expr, many «ijpreventive checks ^made by com- . 
municatlons personnel involve^ thie use of basic - 
test equipments. Without a knowledge of this 
more basic types of test equipment and their^ 
various principles of operation, potential prob- 
lems could go undetected. 

CARE, USE, AND HANDLING 
OF TEST EQUIPMENT 

Ne^jarljy every communications center is pro- 
viited With a Variety of test equipment to be 
useosc^ben preventive ,or corl:*eCtive tests ^re 
made* Normally, there are very few, if any, ' 
test equipments in spare, .\yhen a test set be- 
comes Inoperative, the ability to make bMtfi|i 
trouble-checks suffers^ Therefore, protect^j^ 
test equipment from general harm that results 
from dropping, falling* careless misuse, or im- 
proper operating techniques is a must. 

One of the primary causes of test; equipment 
failure is carelessness. The user mavJbe care- 
less in , Operating procedures or-^Hh^ simple 
handling of test equipment.. Any doubts about 
the proper usage of a test set should be referred 
to ^e technical manual issued with the set. 
Often, test equipment is placed near the edge 
of a bench or table where it can be pulled off 
by test leads or accidentally knocked off. Another 
error made by maay operating personnel is 
improper selection .of meter ranges, such as 
attempting to measure 250 volts on the 50 
volt scale of a meter. 

Some test equipments may require special 
handling. However, there are severalprecautions 
which apply to test 0quipments tn general. Rough 
handling, moisture^ and dust all affect the use- 
ful life of t6st equipments. Bumping or dropping 
a tept instrument may destroy the equipment's 
ability to properly measure what it was designed 
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for« (greasing or denting test cables that»attach 
to' a test set will alter their interr^al resistance, 
thereby affecting the accuracy of any id eaeure- 
ipsnts made with these cables. 

To reduce the danger of corrosion to un- 
treated parts, always^ore test ecjuipment in a 
Ldry place when it ib not in user; 3e sure: that 
l^ali asaenibly ^orews that hold the case of the 
'teat' equiptneht in place are securely tightened. 
Ab an -added precaution! all dust covers should 
be placed on test equipments when they are not 
in use* Lookers containing test equipment should 
be padded in order to reduce ^ 3hock onboard/ 
ship whenever the ship rolls or pi ^hes« ^ i 

Me'-ers are the most delicate parts of test 
equipnients* In order to ensure that the meter 
will maintain its accuracy; these additional pre- 
cautions should be followed: 

1« Ensure that the amplitude of the circuit 
under test is within the range of the meter. 



2« Keep meters 'as far away as possible from 
strong m agnets. ^ 

The instructions for properly stowing test 
equipment cables and other accessoriesi as set 
forth in the instruction manuals accompanying 
the equipment, should^ be carefully read and 
strictly followed. Itnproper stowage of acces- 
sories results in changes in cable characterisr 
tics, intermittent ^short circuits in cables and 
leads and, in general, unreliable , test indica- 
tions. * 

SELECTION OF TEST 
EQUIPMENT ; . 

The term **testing**^ as used in reference to 
test 'equipment, refers to the use of test sets 
to determine or to evaluate the condition or 
quality of oper^.tion of • a unit, circuit, or com- 
ponent. Proper testing procedures must begin 
with the selection of the test equipment. T^s 
equipment must be used in accordance .with 
specified procedures. The Results must be 
evaluated in reference to normal, specified 
standards. 

Electrical equipments are designed to op- 
erate at certain efficiency levels. To aid op- 
erators and maintenance personnel, technical 
manuals and sheets containing optimum per- 
fornoL^ce data, such as voltages and resistances. 



are prepared for Navy equipment, A good under- 
standing of the functional dbsign and operation 
of the equipment to be tested is very important. 
A thorough underptanding of the operation and 
limitations of the maasuring instrument (or . 
instruments) is most essential in test equip- 
ment ^election. . • 

■ The/^ir St "Requirement of any test equip- 
int i'^'its ability to perform the test required. 
Jcor\jEily, it must be compatible withT the equip- 
/ent under test. Basically, compatibility can be 
yaaj^rowed do\yn into 4 areas: impedance' mateh- 
ig, frequency, amplitude, and polarity. 

[mipediajice Matching 

Anytime that you connect a piece of test 
inent to another piece of equipment to be 
t^ted, you are essentially '/loading*' the cir- 
cmt (or circuits) undei* test. This means that 
t|e test "equipment will be either in series with 
^e circuit (or" circuits) under te^t, or it will 
bjb -itr parallel with them. Therefore, reactive 
c|)mponents as well as resistive components are 
iijjvolved, within the test set and the equipment 
uWder test. *• 

To ensure continuity between the test equip- 
ment and the measured electronic equipment is 
nornvally no ,more complex than choosing the 
right test equipment and using the cables and 
adapters supplied with the tost set. Most itoms 
of electronic and test equipment are rated ac- 
cording to input and/or output impedances. Ca- 
bles and adapters are usually supplied with test 
sets used in testing of electronic equipment. 
The test procedures, normally found in Main- 
tenance Standards Books or equipment Techni- 
cal Manuals, contain itemized lists of test 
equipment (or equipments) required for a specific 
test. Preventive Maintenaiice Items are usually 
found on Maintenance RequirementCards(MRCs). 
By, using these fipecified items, adequate im- 
pedance matching is ensured. Substitutibn of 
cables and fittings for those supplied with the 
test equipment frequently causes mismatehing 
of impedapce and results in erroneous test 
results. 



Frequency 



Anpther important consideration in the se- 
lection of test equipment involves the respective 
frequency range(8) of the test set and the equip- 
ment under test. Equipment that is designed to 
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, supply test frequenoles must supply frequencies 
within the frequency rangers) needed as well as 
be responsive to the needed bands of the input 
and ou^ut tuned circuits of the equipment under 
test.' r 

Amplitude 

To test the output of_^xircuit, the test 
set must have sufficient sensitivity to respond 
^ to. the measured signal. Cqpversely, the cir- 
cuit under test must be sensitive to respond 
to the signal injected by the' test equipment. 
In both cases, we are tallting about amplitude. 
The amplitude of either signal must be of suf-*' 
fioient magnitude to create the proper response/ 
However, signal amplitudes must not be so 
large as to damage circuits under teSt or the 
test equlpn^ent itself. If signals are too large, 
provisions- are normally made via front-panel 
controls to reduce their size through proper 
attenuation. Amplitude problems can be elimi- 
nated through proper attention, to operating in- 
structions arid precautions* 

Polarity 

Te^ equipment used in^ checking the opera-^*** 
tlon of many circuits must be able to generate 
or respond to a particular polarity signal. An 
example of this is a test set used to check syn- 
chronous motor circuits. Signals having the 
wrong polarity would fail to activate the synchro 
circuits, thus falsely indicating a malfunction. 
Therefore, observe proper polarity, both in 
test-lead ^ook-up and in the generated or tested 
signal. • , . 

CALIBRATION OF TEJST 
EQUIPMENT 

To ^'calibrate'' a piece of test equipment 
is to determine, by measurement or comparison 
with a standard, the correct value of each 
scale reading on a meter or other device. To 
further .explain, test equipments are the ref- 
erence standards ' used in /M^ventive or cor- 
rective main^nance proce^res. For this reason, 
maintenance and test of/the /test equipment it- 
self is corresp9ndingl3/ more critical. There- 
fore, we calihirate oiir test equipment. We 
accomplish this by comparing test equipment 
outputs against known, more accurate instru- 
ments than the one that we are checking, cali- 
bration instructions are i normally contained in 



the applicable technical manual or on the ap- 
plicable maintenance requirement card (MRC). 

Much of the test equipment now . being' 
furpished to naval activities and^cbmmunications 
centers is very ejqpensive and is built and cali- 
brated to a high order of .precision. Repair and 
recalibration quite often require special lab- 
oratory facilities and skill. In many oasesi 
personnel not qualified by reasons of eduofi- 
tion, experience, and/or adequate facilities have 
attempted to make repairs to precision porti^^s 
of electronic test equipment. While you, a com-- 
TDunications operator, may be called upon to 
operate test equipments and make basic trouble- 
checks, remember that repair of' test equips- 
ment is normally the job of personnel specifically 
trained for it. Often, even calibration of a 
test set is 'involved enough to warrant lab- 
oratory conditions and specific skills. 

Many personnel* are reluctant to ^calibrate 
test equipments aboard ship. The principal rea- 
son for this is the belie/ that tefet equipment 
cannot be calibrated except with special cali- 
brating instruments. However, in many cases, 
test equipment is available aboard ship that' 
is sufficiently accurate to calibrate other tost 
equipment. .V 

Calibration ' of one piece of test equipment 
with anojther requires that the calibrating in- 
strument be more accurate than the instru-r 
ment being calibrated. 'Ideally, the calibrating 
instrument should be about ten times more ac- 
curate. However, this extreme accuracy is not 
always necessary, if either repair or calibra- 
tion is beyond the Capabilities of shipboard 
personnel, the equipment should be forwarded 
to the nearest maintenance activity that has 
adequate repair and calibration facilities, de- 
pending upon at-sea status. Always be sure 
that you have read the Technical Manu^s of 
both the ^^Calibration Standard'' and the in- 
strument to be calibrated. 

THE BASIC MEASUREMENTS 
OF TEST EQUIPMENT 

if 

Whan test equipment is useid, the basic com- 
munication and electronic measurements involve 
the fundamental electrical- quantities of voltage 
and current and the inherent circuit character- 
istics of resistance, capacitance, and inductance. 
In the circuits under^ test in communications 
equipment, the voltage -and current are depend- 
ent for their distribution upon the latter three; 
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fbartttpret voltage and ourrent rrieisureirientB are 
a valuiUe aid in cdeterminins/circviit condi- 
tions and in the evaluation of e^ptome. Practi- 
cally any reading derived froiD the^se of test 
aquipment will depend upon these bastc^measured 
^quantitleB. / ^ 

Voltage CheokB / 

voltage meaBureiD^nts may be made as part 
ct preventive maintenanoe or as part of cor- 
r^tive maintenance. Normally, test Jacks are 
located on equipxnent front panels or on the 
top of pull-out equipment drawers, providing 
convenient ''point-to-point'' voltage checkpoints. 
Voltage meaaurementB, when compared with 
available voltage charts provided with the equip- 
ment, are valuable aids in determining potential 
problems as part of preventive maintenance. 
The measuring device used to check voltages 
is called a VOLTMETER, - 

Current Measurements 

Current measurements, as a rule, are not 
often taken in vthe course of preventive main- 
tenancy or in testing. They are infrequently 
used because in most cases the circuit under 
test must be opened (unsoldered) for the nec- 
. essary meter conn|ptions. The measuring devio|^ 
used for curi|en^|nea8urements is called an 
AMMETER, 

Usually, a voltage measurement and a cal- 
culation by means of Ohm's law are sufficient 
to deternftine circuit current, when necessary. 
Another re^on for the infrequency of this meas- 
urement^Ts that most circuits are ,of a high 
resistive value overall, and, the current is nor 
mally so low that it cannot be measured ac- 
curately with ordinary test equipment. 

Resistance Checks 

Resistance measurements' are normally a 
valuable aid in locating trouble circuits during 
corrective maintenance. Hence, many mainte- 
nance handbooks contain resistance charts which 
are referenced to accessible points (usually 
tube sockets) vmhin the equipment. Without these 
charts, resistance measurements in a complex 
circuit is a slow process, sometimes .neces- 
sitating the unsoldering of one side of circuit 
components. 

Normally, resistance measurements are not 
made as part of preventive maintenance, but 



when thej^ are, the device used is called an^ 
OHMMETBR, Because of the degree of acctiracy 
needed when using an ohmmeter, proper cali- 
bration and understanding of meter scales is 
a must* 

Capacitance Measurements 

Ci^acitance measurements are usually ac- 
complished with a CAPACITANCE meter; The 
basic capacitance measurement is an indication 
of that capacitor's dielectric strength. As the 
dielectric strength of a capacitor decreases, 
leakage current through it will increase. The 
tolerance of a particular capacitor will vary 
depending upon the type of capacitor and its 
voltage rating. Capacitance measurements ar6 
very useful in component testing to determine 
overall stage efficiency. 

Inductance Measurements 

Inductance measurements are^ seldom re- 
quired in the course of preventive or'corrective 
maintenance. However, when called for, induct- 
ance measurements are useful and instruments 
are available for making this test. Many 
capacitance test sets can be used to measure 
inductance. Most manufacturers of capacitance 
test sets furnish inductance conversion, charts 
if the test' equipment sc^e is not calibrated 
to read the value of inductance directly, 

TYPES OF METERS * ^ 

The primary indicating component in any 
electrical indicating instrumeht is usually a 
pointer which gives the desired reading on a 
calibrated scale. The pointer is usually attached 
to' a **m6ving element" that turns or rotates 
when energized by the current 6i the circuit 
under test or a proportional part of that cur- 
' rent. This causes the pointer to move propor- 
tionally along the calibrated scale. 

There are two types of meters that use this 
principle of operation: ELECTRONIC and NON- 
ELECTRONIC. Non-electronic meters use the in- 
herent electromagnetlsm of electronic circuits 
to provide the essential measured information. 
Electronic meters nof^mally make use of internal 
electronic components and conversion circuits 
to get the proper scale indication on the meter 
front panel, Esther type Of meter may be de- 
signed for use in a,c« circuits or d,c, circuits. 
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The power Consvimption of any electrical 
measuring device should be very small in com-* 
parisoii with the power available in the circuit 
under test. Normally, an a.c. p)eter uaas several 
times as much power as a similar d.c. mater. 

'\ All meters must have some source of 
p<wer. Some meters ' are powered by in- 
tenial batteries. Others are pov\^ed through 
electrical -power provided by /'electrical plug- 
in outlets. Stiil others are powered by 
a hand-operated hand crank attached to the 
meter itself. Most meters are designed to be 
used for measuring more than one electrical 
quantity and are called MULTIMETERS. Figure 
7-1 is an example of a miUtimeter. .This par- 
ticular multimeter is a TS-505. It is used 
as an example because it shows most of t^he 
basic compohents associated with practically 
any piece of test, equipment. Shown are :.the 
test probes (bottom of case), operating front- 
panel controls (left, right and center of case), 
and the indicajtor jscale and associated pointer. 

Common Meter Controls^ 

The following is a list of front-panel con- 
trols that normally serve the same function, 
regardless of meter type (figure 7-1 may be 
referred to): 

!• FUNCTION switch: Selects the type of 
meter operation desired and normally turns 
the meter on or off. 

'-'2. RANGE switch: Selects various voltage or 
resistance scale values to be measured. 

3. ZERO ADJ switch: Controls the pointer on 
the indicator scale. May be used to set the meter 
pointiar at zerd, mid-scale, full-scale, or any 
other meter quantity visually measured. 



4. AC LINE cord: 
' an a.c, power source. 



Connects the meter to 



5. Pilot light indicator: Lights whenever 
power is applied to the meter (located directly 
above the pointer scale in figure 7-1). 

After you are more experienced with the 
more common operating controls of test meters, 
you will find much of meter operation self- 
explanatory. However, even the most experienced 
user test meters should study the technical 




- (C4.133 
Figure 7-1. — TS-505 MulUmefer/^ 



manual for the particular test set and its proper 
operating procedures outlined therein. BiBU'ring 
the availability of a technical manual, you should 
be instructed under the direction of your work 
center supervisor. 

COMMONLY USED TEST 
EQUIPMENT . 

During your naval carper, you will use many 
types of test equipment as part of preventive 
/or corrective maintenance. -The following is a 
discussion, of the more commonly used types of 
test equipment and functional facts concerning 
each. 



Ammeters . 



Amlneters are used to measure the intensity 
of current flow in a circuit. Ammeters are 
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oonneoted in series with the circtdt under test, 
as shown ' in figure 7-2, The accuracy oT an 
ftXDineter reading depends upon the meter ^fe- 
sifltanoe relative to the resistance of the circuit 
under test (load re8islance),Aspreviourty stated, 
fbe larget the resistance of the meter, the 
larger wHl be the percent of error in^the meas-?^ 
ur^tnent. For example, if tUe meter resistance 
Is equal' io S3» load resistance, the -clz'cuit 
current will be twice as much with t^ meter 
removed from the circuit, representing an error 
of 60 percent. Thus, for any given circuit load 
condlticn, the accuracy of an ammeter reading 
will be greater if the total meter resistance is 
much less than the ohmic resistance of the load. 

Most ammeters use a method of indicating 
current known as, the D*ABSONVAL ^ MOVE- 
MENT, This simply means that a fixed-length 
piece of conductor is wound many times around 
a core (essentiuly becoming a coil) ^ and placed 
bdtwen two magnetic poles {North and South), 
Figure 7-3 shows the coil and the two magnetic 
poles. Also Shown is the attached pointer that 
moves along a calibrated scale. Basically, the 
coiled leng^ of conductor is of a fi^d value 
and tfae magnetic field is of a fixed value. 
Therefore, the only variable is the current flow- 
ing from the circuit under test. The amount 
of current will determine the field strength 
between the two magnetic poles, thereby deter- 
mining the amount of pointer movement (re- 
ferred t6 as meter **deflection**). The balance 
springs indicated in fig^ire 7-3 are sometimes 
referi'ed to as ' 'hairsprings*' and serv^as the 
r(est^ng force that returns the pointer to the 



zero position when no current flows. These 
hairsprings also serve to complete the circuit 
« from the external circuit to the meter coll, 

Th9 small size of the wire which condprtses 
the ammeter coil places limits on the amount 
'of current that may be passed through it, Con- 
' se({l{lhtly, the basic meter movement thus far 
discussed is used to measure only very smallv 
amounts of current. 
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figure 7<^2,— Ammeters are normally connected 
in series with the circxiit under test, . 

1 



in order to measure a larger cuxgrent^ a 
SHUNT must be used with the meterK^jTshunt 

4s a physically large, low-re si stance- condUctor 
which is^ connected in parallel (shunt) with the 
meter termihals. It is used, to carry the ma- 
jority of the load current, (Sec^ figure 7-3.) 
The shunt has the correct amount pf resistance, 
enabling only a smaH amount of the total current 
to flow through the meter coil. The meter 
current will be proportional to the total load 

' current; If the shunt has duch a value that the 
meter is calibrated in . milliamperes, the in- 
strument is called a MILLIAMMETER. M the 
shunt is of such a .value that ^ the meter must 
be calibrated in terms of amperes, it isiQalled, 
an AMMETER. 

A single standardized meter movement is 
normally used in all ammeters, no matter what 
the rangej is for a particvdar meter. For ex- 
ample, misters with working ranges of zero to 
10 amper^lB, zero to 5 amperes, or zero to 1 
annpere will all use the same meter movement 
/(or scale). This same scale movement is achieved 
through the use of different values of. shunt 
resistance wit^ the dieter. The designer of 
the ammeter simply calculates the correct shunt 
resistemce required to extend the range of the 
meter to measure any desired value of cur- 
rent. This shunt is then connected in parallel 
with the meter terminals. Shunts may be lo- 
cated inside the meter (internal shunts) with 
front-panel switches xprovided to select them, 
or they may be locate^ outside the meter (ex- 
ternal shunts) with the necessary leads to con- 
nect them to the meterX External shunts are 
generally used where currents greater than 
50 amperes must be measured,^ 

It is important to select' a\ suitable shunt 
when an external shunt ammeter is used so 
that the scale deflection »^is ea,sily read. For 
example, if the scale has 150 divisions, and the 
'load current to be measured is known to be 
between,50 and 100 amperes, a 150 ampere shunt 
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^ (C) TYPICAL EXTERNAL AH^M^VeR SHUNTS 
Figure- 7-3, — Coil placed between tow magnetic poles, giving' basic **\'ABSONVAL MOVEM.E*l^'\ 



is suitable. Under these conditions, each di- 
vlBloh of the scale will represent 1 ainpefe. 
A fuU-sqale deflection of thp pointer would 
indicate ihat 150 amperes of current Is flow- 
l2ig. A half-scale deflection would indicate that 
75 axD];>0res of current is flowing. If a shunt 
of too iow an ohmic value is selected, it is 
poBSlhla for ^higher thai^ po¥mal load currents 
to^ drive the pointer off scale and damage the 
meter movement mechanisms. 

As pointed out earlier, current measuring 
Instruments must always be connected in seVies 



with the circuit underXtest. an ammeter' were 
connected In paralLJl wl^ circuit under test, 
the source ' voltage (orXclose to it) would be 
applied directly to the meter terminals. This 
is becauw'the low internal resistance of the 
meter brasses the effective circuit resistance, 
resultli)g in excessive current through the meter, 
possibly damaging the meter beyond repair. 

If the approxlmate^aiue of current to be 
mea^ured ' Is not known, It. Is best to start 
with the highest range of tha ammeter and 
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fiwltoh to progressively lower ranges untHasuit- 
abla reading is obtained. 

Most ammeter needles indicate the magni- 
tude of the current with a left-to-right meter 

. difleotiQn on the scale. However, if the meter 
la OQimected wjjpi^ reverse polarity, the needle 
■irill be deflected ^ckward and the meter may 
dasoagod. lliererer^, it is important that the 
proper^ polarity of t»iniiial hook-up be observed 

- when an aipmeter .as connected into a circuit 
to be tested. Thatj ^8, the me^v should always 

'lbe connected so Qiat the current flow is into 
the neg^tfve (-) terminal and out of the positive 
(4) ter|]ninal (as shown in figure .7-4) • 

METER SENSITIVITY is a term referring to 
the amount of current necessary ^to produce full- 
scale deflection of the pointer. The smaller the 
current requircTd to. produce this deflection, 
the better the sensitivity of the meter. Thus, 
a meter movement which required only 1 amj^re 
for full scale deflection would havie_A-^tter 
sensitivity than a meter movement which re- 
quires 2 amperes for the same deflection; 

Good meter sensitivity is especially important 
in ammetfi^rs which, are to be used in. circuits 
where small cury^ts are flowing. As fhe^eter 
is connected in series with the circuit under 
test, the current flows through the meter. If 
the internal resistance of the meter ^ adds sig- 
nificantly to the load resistance, a meter LOAD- 
ING EFFECT will occur. Meter loading is 
defined' as **the condition wljich exists when, 
the insertion of a meter into a circuit changes 
the operation of that dircuit.!' This condition is 
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Figure 7-4» -7^ Proper polarity must be observed 
when connecting amnaeters into a circuit. 
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not -desired. Wh*. a meter is inserted^into a 
circuit, its use is intended to allow the meas- 
urement of circujt current in the normal 'op- 
erating condition. 

Voltmeters < " 

. Voltage measuring instruments are connected ^ 
in parallel with (across) a circuit under test. 
If the voltag^^ to be measured is npt knownt 
it is, best to* start with the highest range of 
the voltmeter an^ progressively lower the rieuige , 
until a suitable reading is obtained. As with 
the ammeter, the : voltmeter is connected so 
that current will flow into the negative terminal 
of the meter. ' 

■ ' * ' 

llie function of a voltmeter is to indicate 
the nptential difference between twojCpoints in 
a circuit. Unlike ammeters, the voltmaAr should ^ 
have as high an internal resistance as practi- 
cable. If the voltm(^ter has a low resistance, 
it , will draw an appreciable amount of current. 
As you recall, this -hunting happens because 
overall circuit resistance decreases when placed , * 
in parallel, and the circuit current will divide 
abcorxiingly along the parallel paths. There^ 
fore, the effective resistance of the circuft 
under tQSt is lowered and the voltage reaiding 
between two points will be changed^ 

^enever voltage measurements are made in 
high- resistance circuits, it is necessary to use 
a high resistance voltmeter to prevent this 
** shunting** action of the mater. The effect 
is less noticeable in low-resistance circuits 
bscaVise the shunting effect is less. 

The D'Arsonval ^eter movement, used in ♦ 
ammeters, may also m used to roeisure volt^* ' 
age. It must be remembered that the D*Arsonval 
movement utilizes current flow to produce H U 
ms^gnetic field whichMs proportional' to ther 
current. This meter movement is an indicator 
of 6urrent flow rather than voltage. However, 
the addition of a series resistance allows the 
mfiter to be calibrated in, terms of voltage. 
It still operates because of the current flow* 
through the meter, but the scale may be marked 
off in volts. • * ' • 

An bhms-per-volt.tating usually attracts youir 
attention when dealing with voltmeters. The 
ohms-per-volt rating designates the amoimt of 
resistangg that must be connected in series 
with the meter to produce full-scale deflection 
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With only 1 volt applied to4ts terminals. The 
two most' jcomniD^^y used ohm s-per-volt rat- 
ings for. vbltnoeters used in the Navy are the 
1000 and' 20,000 ohms-per-volt ratings. This 
rating; is referred *to as the meter sensitivity. 

The accuracy of a voltmeter, ox wiy meter, 
^lis generally expreBsed in percent. Fo?example, 
a meter that has an accuracy of 1 percent of 
the correct value means that if /the coijrect 
yaluo il9 100 units, the meter LndicaUbn meiy 
be anywhere within the range/ of 9t9 to XOl 
units. 1 ' 

Multirange vpltmoters utilize one meter scale 
with the required, resistances' connected in series 
wjtn the meter by front-panel ifewitcheb located^ 
on the case of the meter, A schematic diagram 
of a multirange voltmeter with three rapges 
is shown in figure 7-5, The schematically rep- 
re^sented resistors are located inside the meter 
and are selected with a front-panel contr^. 
J As is seen, the voltage range being measured 
(IV, lOOV, 10008/), determines, which i^ies 
\ resistance is selected. Thus, the correcthjfead- 
';ing is indicatejcJ on the voltmeter and the pie tel- 
itself is protected from excessive current. In 
some voltmeters, for measuring highei* voft- 
ages, the series resistance may be connected 
externalii^ much like the ammqter. 

, Theimost important thing to remember when 
voltage measurements are ^calculated \e the 
sensitivity of the voltmete|r. As mentioned ^re- 
'"'-isly, a voltmeter should have as high a- 
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resistance as practicable with reference to the' 
circuit uAder test. It 'is nicessary to be able 
to calc^te the shunting enect (or loadinj^ oC 
a cirduit by a volmieter. Sor example, if the 
sensitivity of a/ voltmeter is rated -at 20,000 
ohms-per-volt, ann we are using the 10-volt^* 
range of the meter, the shunting reisistancp^s 
200^000 ohms (20,000' X 10), For technicians 

•more than operators, this is an important piece 
of information to be able to calculate as parf; 
of quality assurance checks, ^ f 

One last thing to remember about voltmeters. 
Whenever you are making preventive or correc- 
tive checks, work with one hand 'only whjpn in- • 
serting the test probes into output jacks or 

^when making contact with voltage points. It is 
desirable to be able, to insert test probes into 
test output jacks and then energize the equip- 

imant. If this is not possible, then ' utilize the 
recommended safeJty precautions located at the , 
end of this chapter, REMENfBER, by placiqg 
yourself ftpross ,the test probes of the meter > 
used, yoE? are providing a path for currisnt to • 
flow froh) fest point to test point thi*ough your 
^tbody, 
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An ohmmeter is a direct- reading instrument 
for measuring resistance. Its scale is usually 
graduated in ohm^, megohms, or both. If the 
scale is graduated in megohms,' the instrximent' 
is called a megohmmeter; if the scale is cali- 
brated in ^lohms, the • instrument is a 

kilohm meter, . • 

,/ ' 

The ohmmeter is widely used to measure 
resistance and .-check the continiiity of elec- 
trical circuits and devices. Its range usually 
expends to only ' a few megohms. The 
megohmmeter (discussed later) is widely used 
for measuring insulation resistance, 'such as 
between a wire and' the outer surfftbe of its 
insulation. The range of* a megger may be ex- 
tended to more than 1000 megohms, ^ 

The ohmmeter actually consists of an am- 
meter, which was discussed earlier, with k few 
added features. The added features are: 

1, A d,c, source of potential, 

2, One or more resistors (one of which is 
variable). 
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Figure 7-5,— Schematic diagram of amulti^rrange 
voltmeter,. 



A simple ohmmeter circuit is /Shown in figure 
7-6. The d,c, source of potential is a simple 
battery. The resistor is a zero-adjust rheostat 
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^ ^ 179.11 
Figure 7-6. — Simple Obinmeter circuit. 



in series with^he mefter and battery. Thd zero 
adjust is normally m front-panel control located 
on the meter case. . 

The 'ohmmeter's pointer deflection is con- 
trolled by the amount of battery current pass- 
ing -through the coil located at .the base of the 
pointer (D'Afsonval meter movement). The zero- 
adjust rheostat, controlled from the front-panel, 
is used to zero, the meter and to compensate 
for thd natural aging of the jd.c^ battery. 

To calibrate the ohmmetier (make it re'ady 
for iiie)/ first short the test leads together as 
'Shovyqj in figure 7-6. With the test leadi^ shorted, 
tihere will be a .complete series circuit con- 
sisting of the 3 volt d.c. source, the resistance 
of the m^ter coil, the^ resistance of the zero- 
adjust rheostat, and the series inultiplying re- 
sistor, Rs. Current will flow from the battery, 
and - the meter pointer will be 'deflected. With 
the test leads shorted, the zero-adjust rheostat 
is set so that the pointer restis on the zero 
mark. Ther^efore, full-scale deflection indicates 
zero resistance between the test leads. Notice 
that the zero setting on ohmmeters is on the 
far right-hand side of the graduated scale. In 
mtost meters, the opposite is true. 



^^If the<range is changed, the meter must be . 
**zeroed'' figSin lo obtain an accur&te reading. 
When the test leads of an ohroraeter are sepa-* 
rated, the pointer of the meter will return to 
the left side of the' scale due to the spring 
tension acting-on the bape of the pointer. This 
reading indicates an infinite resistance. 

M the value of resistance to be measured can 
be estima^i ivyithin reas6nablq Unfits, a range 
should b|&4^ected which will give approximately 
half-rscale IfRlection when this resistance is 
inserted between the two ^st probes. If the 
resistance is unknown, the range selector switcli 
should be Bet on the lijghest Ineter scale. Whfit-' 
ever^ range is selected, the meter must be cali- 
brated to read zero before t^ie Teisistance is 
measured.' ^ ^ 

After the ohrom^ter is adjusted fdr zero 
reading, it Is ready to be connected into a* 
circuit and measure resistance. A fypical cir^ 
cuit> and ohmmeter arrangement is shown in 
figure 7-7. The powe* switch of the circuit to 
be measure^ should always be in the OFF 
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Figure 7-7. — Typical ohmmeter arrangement in 
a circuit under test. 
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poBition, this prevents the circuit's source 
age from being applied across i^e meter, wl 
could damage or ruin it. . » 

As the qhmmeter is an open circuit when the 
test leads are separated, a path for the meter's 
battery current mus^ be completed through the ' 
resiftlmce to be measured. In figure 7-^7, this 
is aocoltopliBhed by connecting the meter at 
joints a and 'fhis pl^es the resistors Rl 
and R2 ih'^^feries witlj^'^e meter coil, zero- 
" rheostat* and nstd^plying resistor. Since the 
^meter has been preadjusted (zeroed), the aipount- 
of meter, deflection now depends solely oii the 
resistance ^of Rl anc) R2. The pointer will now 
come to /*est at a scale figure, indicating the 
combined jreslstance of Rl^-and R2. The scale 
reading of the mef^r, in-ohn!)s, Is^nv^etsely 
proportional to current flow in the moving coil. 
In other words, aB we increase the resistance 
measured, we decrease th^^urrent ,j5,low through 
the ^^oil at the base of the pointer, tiiOTeby 
decr€fasing metet ^flection. The pointer starts ' 
at the far left-hand part th^ sclale and pro- 
ceeds to 4he/ right towards zero. The higher 
the resistanc/e measured.- the less the pointer 
will^iove • pecause th^Jjiigher values of re- : 
sistar^ are located Srlhe far left-hand side.V 
As we measure less resistance, the pointer 
n)oves further towards zero, or.^o resistahce^ 

The amount of circuit resistance to bem^as- 
iuifed may vary over a wide range. In spme casefe^ 
! it may be ohly'a few ohms, and in other cases 
it may be as great as 1 megohm. To enable the 
meter to indicate any value being measured with 
the least error, scale multiplication fei^tures are 
incorporated ^nto mpst^ohmmeter^r^iJoat^ohm- 
meters are equipped with a selector switch fof 
selecting the moltiplication scale deslc&ed. 

A typical multipUcation scal^ wc^uld read as 
follows on a n^ter front-paiiel: R X*i; RX 10, 
R X 100, RX 1000, RX 10,000 and'RX 100,000. 
Let us afisume that an ohm meter is calibrated 
/in divisidlfs from zero to 1000 and we are using 
the R X' 10 scale. After completing* the path 
the test probes, the' pointer indicates 375 
ohms\ of Resistance, /this would indicate an 
resistance of 3,750 ohms (375 X 10). 




, always takes the same amount of current 
fleet thq . pointei^ to a certain position on 
scale. Xli that we are doing wMb.the multi- 
ng resistors is placing them in series with 
rest of the meter oircuit . and the circuit 




under test to allow us to use one meter fo|: 
more tnan. one ranjke. The opersCtor of the ohm- 
mater shoulU sdlect the range that will result 
in the pointer coming to rest as near midpoint 
of^ the scale as possible. This enables the op« 
erator to, read the resistance more acctorately 
because the ^iscale readings are morereasily 
interpreted at or near mid-scale. ,\ 



Meg^hmmeter (Megger) 

. * A megger^is a high-range ohmmeter used 
for measui'lng high resistances. It is primarily 
axt instnOnent that applies a high voltage to the 
component 'vmde): test^jand measures the cur- if 
rent leakage of the insulation, Thu6, a capacitoi^ 
or am insi^ated' cable may be checked for leakage ! 
under mudh higher voltages than an ohipn>^ter 
is capable of supplying. / 

Tlie megger is a portable inst^'ymejit con- 
sisting of two primary elements: /(ly^ a hand 
driven d.c, generator w^ch supplies' the nec- 
essary voltage for making ^thg^^Ji^surement, 
and (2) the instrumentlporUon. which has a 
scale indicating the value of the resistance 
being mtfasift'ed; Figure /-8 sn^ws^ an external 
view of a typical megger with associated hand 
crank and read-out scale. The name **megger" 
is derived frorfif^^e f act 'ttiat it measures re- 
sistances c^^any megohmsi 

There atfe various resistance ratings of meg- 
gers, sbmjs with scale values as low a0 5 meg- 
ohms after some with scales as high as 10,000 
megohms. Figure 7-9 shows the scale^pf a 100- 
megohms, 500- volt megger. It could very well 
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Figure 7-8,— External view of a typical 
\ ger". 
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Figure 7-9.— Scale of ^lOO-Megohin yiegger. 
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megger shown in figure 
scato graduates In divisions 
rom. right-to^left. At the far left-hand side 
of thd soale ia ''INFINITY''. A r^ng of in- 
finity means that tbe resistance being niQ%8ured 
f is infinity or too great to be measured. That 
would maib that the resistance reading is greater 
than 100 megohipB which is the highest division 
, on the aoald. The hij^ at. division on aihegger 
8oalA. is uaually ol immediately below and 
to the right of the ''infinity'' reading.- This fig^ 
ure represents the highest figure for which 
instrument can be accurately used. 

There ^e. various voltage ratings of meggers, 
(100, 600, 760, 1,000, 2,500, etc.). The most 
common type isjOie one wlthj^ 500-volt rating. 
This voltage rktlng refers to the maximum out- 
put voltagQl^of the megger. iMs voltage is sup- 
* plied by the hand crank loc^d on the^ixternal 
oaaa of the megger, as shown in figure 7-8. 
» To avoid excessive voltages, most meggers are 
^ equipped with friction clutches. Whenever the 
generator is cranked faster than its fated speed/ 
the clutch slips, and tl^ generators-output volt- 
age ^Ip not allowed to exceed its rated linilt. 

Meggers are used to test the insulation 
resistance of conductors and RF cables as well 
as the dielectric strength of capacitors. In othef 
words, every conductor or cable has a certain 
.current and voltage rating that it is supposed 
to be able to withstand wlUiout self-^structlng 
or Vbuming o\xV\ By properly placing the. test 
probes of the megger to the component under 
tein, we can insert Jhat amount of voltage at 
a ^^artlcular current value. The read-out on tne 



scale will indicate a certain amount ot re- 
sistance in megohm 1^ as we turn the hand crank 
of the* megger. We can^j compare this reading/ 
with /the grkting of the component and deter- \ 
mine .whether? the. component is weake'hlng with. . 
age and ^ should be replaced or not. This is \^ 
an especially Import^t check for RF trans- 
missibn lines between transmitters andantennas^ 

Some of 'the more common procedures and 
precautions for meggers are: 

1. 'When 9^ megger test is made, the equip- 
ment or component must not be energized. Jt 
must be disconnected entirely from the systero ' 
bef credit is tested. I , ; 

2. Observe all rules for Safety in preparing 
equlpijTent for^ t^^st and In testing, eepeciaUy 
whem testing high voltage apparatus. ^ 




3.vT>0& well-in^ilated test leads, espe^ally 
when using high range meggers. BetotB con-, 
nectlng tto tesi leads (probee) to uie <2om- 
ponent to be tested, operate the me(gg^r IbsA 
'make sure there is no leakage between th^ 
lead^ The reading should be infinity whene]li|jb 
the leads are 'connected to the megger and piiOT 
to testing. Touch the ends of the test jeads 
together and turn the handcrank slowly. The 
reading should be approximately zero.* This 
test enlsu^s that the lead^ are not disconnectedi 
or broken. # ^ 

' 4. When using meggers (especially hlJi^range ' 
meggers), take proper precautions against elec- 
trical shock. There Is sufficient capacitance iii , 
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almost any electficld equipment to **stoi 
a charge from the energy supfjliecf by theojieg-^ 
ger generator. This st^ed energy can proWda' 
a dangerous eleptrical^siiock. This"^ danger dev 
creases when yeu^.^ testing individual cojd- 
pondqts, but is still present between elements 
of cdm^nents. ' * 

5. Equipment or componojits having consider- 
able capi^citance should be discharged before and 

after making megger tests. 

^ ^ 

Wattmeters — 



> ■ ■ , / 

A wattmeter is an instrument .used to me as** 
ure "thQ magnitude of active power in a circuit. 
Its ftoale i§ normally graduated in watts. If 
graduated. in kilowatts or niQgawktts, it is usu- 
. > ally designated as a kLlowattmeter or mega- 
Wattmeter. The mo|t comtnonly used watti^et^r 
• is of the ELECTRODrNAMIC type, shown in 
figure 7-10. ^This Jtype of wattmetet* ^s. used 
to m^easure p^ii^r ir/m 0ther a.c. or d.c. 



sources. 



Electrically speaking, "electrodynamic" 
means electriWty in^motion and the effects 6!^ 
magnetism and inductance. Referring to figure 
7-1 Ot we have two current coils, between which 



is a voltage cfoil with a ptointer attached to it^ 
^iie current colls are fixed;3they do not mpvei, 
.s current floWs thrdjJgh them, a magnetic fluk 
field is* ioTTTfed between them proportional tb 
the amount of current flowing. T»his magnetiq 
field induces a current *in >the voltagp^ coil J 
with tfife pointer^ ^ attached. Consequeatly, the . 
pointer .indicates »a scale value proportional Xo 
' the values of line current and voltage. Since we 
are using Je/ectricity in motion as Well as the^ 
effects of magnetism and inductance, the ternrt' 
,^*electrod3(namic** prpperly describes the type of 
meter movement employed with the- wattmeter^ 

■r>- ■ 

Electrodynamic wattoneters arfe ^l)ject to 
etrprs arising from . vkrious facfctors, *such as 
temperature and' frequency 'characteristics. For 
exarf^le, heat through the/colls will Eventually 
cause the snrall springs^ attached to the pointer 
to lebgth^ andhiose tension, ^oducing deflection 
errors. Large currents within the watjpieter 
will also produce ani apt)reciable error. This 
is due to the heat lobs suffered tmough coils 
withjhljgh currents applied. Therefore, the ^naxi- 
yum current range of elefctrodynamic wattmeters 
IS inor*)iUly srestricted' to abproxJ^n ately 20 
/amperes./"^ . 
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Tha voltage tzx^ fpi wattmeters is gen- 
erally llnjited **lo sevyral hiindred volts be-\ 
cayiEip of heat dlssipatioi^ within the voltage 
clrciUJu However, the voltaLge range can be ex- 
tended^ l3y usijig external voltage multipliers, 
Hiuch like azDmeters, 

Higb-grade i^ortable wattmd^rs have an ac- 
ouj'acy 3l 0,2> to. 0,25 perpend It must be re- 
inepibered fiiat electrodynamic wattmeter errors 
increase with frequency, F05 the higher fre- 
quency - and power ranges* there are special' 
.types of lyattmeters. made specifically for those 
ranges. ' - 

i 

An important po^t should be' made about 
. wattme^dTB: ' the reading of the pointer does 
not lell^the user -wh^er or not the internal 
coils of ^e meter j^e being overheatedr^If 
an ammeter 'I or voltineter is overloaiied, th6 
pointer '^wlll indicate beyond the upper limit 
of its ^al&. In the Nvattmeter, both the fixpd 
and movable coil circuits ipay bp cariTJtag 
,Buch an overloajd that their ,irisula<|bn is burp- 
ing, yet the^ polntejr may be only part way up 
the scale. Therefore, the **safe rating'* for 
current and voltage should be i^trictly heeded. 
This' safe rating is normally given -on the face, 
of .the meter. If not, the information will be 
given in the technical manual for |the meter. 
A wattmeter is always distinctly rated, not 
in' watts, but in volts and amperes. 

FREQUENCY MEASUREMENT . 

. Fxaquency measurements are often an es- 
sential part of preventive and corrective majn- 
^tenance. Equipment operating in the af and RF 
ranges must .often be' adjusted to operate 'at 
»the correct frequehcies. Radio transmitters must 
be accurately tuned to the assigned frequencies 
to provide reliable communications and avoid 
interfering with radio citcuiti^ operating on other 
freqiiencies, * 1 

\ 

Frequency liieasuringvequipment constitute a 
distinct class of test equipment because of the 
^portant and critical nature of such measure-n; 
ments. 

Heterodyne Frequency Meters 

Reliable meters for measuring radio fre- 
quencies are heterodyne frequency meters. They 
measure the frequency of the unknown RF signal 
by matching the » unknown signal with a locally 



'generated signal of the same frequency ob- 
tained from a calibrated, h4^ precision os- 
cillator; This method i45 normally referred to 
as * * ab rb-beatlr\g' ' . When perfect frequency 
match is obtained,- it ' is indicated by the ab- 
sence of a beat note (zero beat), 'The zero- 
beat indicator in" test equipm^t of thij'^ype 
is generally a pair of headphones. 



^en 



' The i)asic heterodyne meter ^seei figure 7-11) 
,is a calibrated variable oscillator with associated^ 
circuits which heterodynes against the frequency 
to be measure^, CoiTplihg is made between the 
frequency meter and p^e output of the equip- 
ment under test, (this coupling should be in 
accordance with the step-by-step proced\ires~^ 
listed in the technical manual for the fjrequ^ncy < 
meter). The calibrated osclillator is^ then tuned 
so ' that t]ie difference between the oscillator 
frequency and the unknot ^requ^ncy is in the 
af range. This difference in frequency, is known 
as' the beat frequency^ As the two fre^encies 
are brought closer tothe same value, the tonei^ 
in th^ headset will decrease in pitch until it 
is. replaced . by. *a series of rapid Clicks, Aa 
t^ie process f4« tcontin^ed, the clicks' decirea^ff 
in rapidity wntil thev 'stop altogether. This is 
the point of zero bdat (sge figure 7-12) where 
the frequency generate^* in the oscillator of the 
frequency meter is 6'<5^al t<i the frequWicy of 
the unknown, signal being measured. For all 
practical purposes, the point of zero beat can 
be assumed when, the clickp are heard* at an 
infrequent interval. It is extremely difficult to 
maintain a condition of absolute siiende when 
you are making this measurement. When th6 in- 
coming signal is fairly strong, the 'clicks are 
sharp and distinct. When the signal is weak, 
the zero beat condition is evidenced by a slowly 
changing swishing or rushing sound in the head- 'I 
set. After the zero beat is obtained, the 
reading corresponds to the frequency under, 
measurement. 

The calibration book is a very impojtan^ 
partoOf the frequency meter; in fact, the book is 
so important t^at it bev^ the same serial niunber 
as the heterodyne frequency meter itself. Con- 
tained in this 'book is a list of the dial settings 
and the corresponding freq}iencies produced by' 
the meter at those dial>^ttlngs. Concise op- 
prating instructions^^- fof the meter are also 
included, . ^ 



Tha general accuracy of the audible zero 
beat niethod is in the range ^ of 0,04 to 0,02 
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Figure 7-11^— Usage of basic heterodyne frequency meter. 
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Figure 7-12.— Graph of sound obseryed in ear- 
phonee when zero-beating. 

percent. There are many things that can affect 
the accuracy of a frequency meter and pro- 
duce errors. Mechanical action, such as small 
shockst thrust exerted on the main tuning con- 
trol during operation, and the action of locking 
the dialSf can produce errors ranging from 



30 to 200 hertz. Variations in antenna loading, 
calibration, frequency drift, and warm-up periods 
may also cause measuring errprs. Particular 
attention should be paid4x) frequency meter warm- 
up time. During the warm-up period, the beat 
note will drift, becoming a steady tone when the 
proper operating temperature Is reached* 

Several operational considerations for fre- 
c[uency meters are: , 

1. Know the Condition of the batteries lo- 
cated in the power supply prior ^j^se. 

, 2. Exercise extreme care in operating the 
frequency setting controls. 

\3. Do not be hasty whenj obtaining a zero 
beat. Look for the correct beat note, and obr 
tain the best null possible. ; 

F^REQUENCY STAl^DARDS 

The requirement of preciisie 'calibration is^ 
extremely important in all frec^uency measuring 
work. In order to provide accurate measure- 
ments, every type of frequencjr meter must be 
calibrated against some frequency standard at 
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least • once .weekly. Of considerable importance 
in the measurements of frequency are the stand- 
ards against which frequency meters are com- 
pared 3xA calibrated. I 

Frequency standards are either primary or 
secpndary. The prim aj;y frequency standard main- 
tafhed by the U.S. Bureau of St^dards has 
lonp-term stability ' and accuracy. A secondary 
Irequenoy istandard is a highly stable and ac- 
cmrate standard that had'been calibrated against 
the primary standaxxl. 

U.S. National Burea^4 
of Standards 

The National BiireavWr^ Standards provides 
time and frequenc}^ standards from station WW V 
at Beltsvllle, Maryland, and from stktion WWVH 
at Maui, Hawaii. These two stations provide the 
following technical radio services and are given 
continuously: 

Standard radio frequencies 
Standard audio frequencies 
, Stsmdard time intervals 
Standard musical pitch 
Time signals 
Radio propagation notices 

Radio Frequencies 

^o ensure reliable coverage of the U.S. A: 
ana extensive coverage of the worlds radio sta- 
tions WWV and WWVH provide the following stand- 
ard radio frequencies in MHz; 



Station WWV 

2.5, 5, 10, 15, 20 

Audio Frequencies and 
Mtisical Pitch 



Station WWyn^ 
5, 10, and 15 ^ 



Tato standard audio frequency tones, 440 and 
600xtoertz, are broadcast on all WU^ and WWVH 
radio carrier frequencies. 

The audio frequency tones for W\i V are given 
alternately, starting with the 600 ^ertz on the 
hour for three mijiutes. There is a pausa, 
with no audio frequwcy available for two minutes. 
^At .the end of the two minute pause, the 440 
lertz tpne is broadcast for two minutes. At> 
tie end of two minutes, there is a three minul 
muse. The total time period expended is ten 
linutes. At' the end of that ten minute perrjjpd. 




the process begins all over again with the 600 
hertz tone. Each ten»-minute interval in the hour 
is repeated. These/ audio frequencies are trans- 
mitted by WWVH in the same manner. 

The 440 hertz tone is the standard musical 
pitchi A above middle C. the. 600 hertz tone 
provieW^s a frequency standard for use in check- 
ing the 60 hert?: power line frequency. 

Time Intervals and Sisals 

The standard time pulse .of WAV'V is 100 
b^rtz. The standard time pulse of. WWVH is 
1200 hertz. These marker pulses are heard as 
ticks. Intervals of one minute are marked by 
the omission of the puls4|at the beginning of 
the last second of every nWhute, and commenc- 
ing on tJm miniit^. 

-\ 

Universal Time information is transmitted 
from WWV and WWVH. WWV transmits Uni- 
versal time in telegraphic code, fiind Eastern 
Standard Time by -a voice announcement. The 
code is transmitted during the 1-minute in- 
terval following each 2-minute tone transmis- 
sion. Specifically, you will hear 2-minutes of 
tone. At the end of two minutes, the tone' will ' 
>cease and there will be a 1-minute interval' 
^before the tone begins again. During the last 
20-seconds of the 1-minute Interval, Universal 
time will be transmitted via telegraphic code 
> and Eastern Standard Time via voice. At WWVH, 
Universal Time is announced by telegraphic code 
before each toiie transmission* 

Radio propagation Forecasts 

A announcement of radio propagation con-^^ 
ditions for the North Atlantic area is broad- 
cast by station WWV in telegraphic code on 
each of the standard radio frequencies at 19.5 
and 49.5 minutes past each hour. Forecasts 
from WWVH for the North Pacific area are 
given at 9.4 and 39.4 minutes past each hour. 

These notices, transmitted in International 
Morse Code, consist of a letter followed by a 
digit. The letter designfitions N, U, and W, 
signifying **normal", * 'unsettled'*, and ''dis- 
turbed'/, respectively, classify the radio propa- 
gation_conditions at the time of the broadcast. 
The digits from 1 to 9 indicate, the expected 
radio propag^ion conditions for the ne:Jt twelve 
hours. The National Bureau of Standards fore- 
casts are'based on information obtained from a 
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worldwide network of geophysical and solar 
obaervations. The code interpretations for propa- 
gation conditions are contained in table 7-1. 

/ TABLE 7-1 

NBS RADIO PROPAGATION CODIJ^G 

DIGIT (Forecast) PROPAGAtlON CONDITION 



1 


Impossible 


2 


V^ry Poor 


03 


\^ Poor 


4 


Pair to Poor 






5 


FfiLir 


6 


Fair to Good 


' 7 


* , Good 


8 


Very Good 


9 


Excellent 



Therefore, a transmission of **N5** would mean 
that the propagation conditions at the ti^ffie of 
the broadcast are **normal** and the propa- 
. gati on conditions for the next 12 hours would 
be **Fair'\ 



icondary Standards 



J>L secondary frequency standard, much jlike 
a piece of test equipment, is normally kept in 
the operating spaces of a commimiqationa center 
' as well as in equlpi^ent repair shopsr afloat and 
ashore. They are normally no more tbail^hlghly 
stable oscillators .contained inside an ^§quip^ 
ment case with front-panel oper acting controls, 
and they generate a variety of frequencieSyWith 
which to compare your frequency meters and 
transmitters. Thase osciliators normally operate 
in the frequency range between 25 and 1000 kHi:;. 

The accuracy^ of a secondary frequency stand- 
ard is maintained only when periodic calibration 
checks, are made againart' a primary standard 
or against staAdard frequency transmissions of 
W^V or W\vyH. These tiransjanlssionB are broad- 
cast continuously and aye monitored^ with ' the 
National Primdry Frequency Standal'd, which, is 
maintained / at the Bureau * Of Standards, 
Washington,' D.C. 



Silent Periods 

The WWV transmissions are interrupted for 
approximately four minutes each hour. The sildnt 
period commences at 45 minutes after each hour. * 
The vVWVH transmissions are . interrupted for 
four minutes following each hour on the hour 
anc} at each half-hour past the hour. WWVH 
transmissions are also inteirt'upted "^ach di^ at 
1900Z for a period of 34 rhinutes. * 

FREQUENCY GENERATORS . 

Frequency generators (sometimes called sii^- 
nal generators) are test devices that gennate 
or produce an a.c. signal that is suitable^ for / 
test purposes. In effect, they are sm'all tadio 
transmitters which can be constructed to generate 
a signal of any desired frequency within its 
frequency range. This ^generated signal may be ' 
modulated or "unmodulated and is normally uked 
. for the foUdwing t^sts or checks associated with 
communications equipment: 

1 Circuit alignment 

2. Sensitivity measurements 

3. Field-intensity measurements 

'4. Approximate frequency measurements , 
5. Corrective maintenance (signal-tracing) 

Their use as a device for making approximate 
frequency measurfemeijt^ is' limited. Xhis is 
because the sign^ generator Ib not a frequency 
meter amd cannot be relied upon as a frequency" 
standard. Signal generators are used primarily 
in the alignment of equipment circuits. 

Frequency generators, classified according 
to frequency, ar.e of two types: audio frequency 
a^d radio frequency. ^ ' 

Audio Frequency Generators 

' Audio frequency gentaratoife^ which are some- * 
times^ called . audio osoiilators, a^e capable of 
producing frequencies {irom^ ^20 to 3pO,000 hertz. 
They are used primarily for testing au9io sec- ' 
tions of communications equipment... The major 
componrents of an audio signal generator are ' 
a frequency-determining network, an oscillator. 
^ (or oscillators) , one or more amplifiers, an 
oi^put control, and a power supply. (Seq figure 
7-13.) . 
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Figure 7-13. — Major components of an audio sig-* 
nal generator. 



A representative audio frequency generator 
i8 shown in figure 7-14. Operating from the 
line voltage of 115 volts a.c, it produces out- 
put frequencies in conjunction with a four-position 
multiplier. Any 'frequency from 20 - 200,t)00 
Hz may be selected by setting th^ main tuning 
dial and the range switch so that the two readings, 
^han multiplied together, equal the desired fre- 
quency. For example, to select an output fre- 
quency of 52»000 Hz, the main tuning dial would 
be set to "52'' and the range switch to *'X1000'\ 



Normally, frequencies must be generated at 
a particular voltage level to be inserted into 
a piece of equipment under preventive or cor- 
rective test. This is achieved through the *'OUT- 
PUt LEVEL" control in conjunction with the 
"OUTPUT ATTENUATOR". Voltages may be 
varied from 0 to 10 volts,. ^ as shown, in figure 
7-14. For intermediate values of vyutput volt- 
age, the "OUTPUT LEVEL" control is varied 
so that the outpu^ metctr reads\the desired 
voltage. The attenuator switch is then set so 
that its value, multiplied tiy the output meter 
reading, gives the desired output voltage level* 
For* ex^ple, to obtain an output voltage of 
0.04 volts, set the meter at 4'and the attenuator 
switch to thg "0.01" position. The cJutput voltage 
level of the generated signal will then be 0.04 
volts (meter reading multiplied by the attenuator 
setting). ' 

There are twq, frequency check points pijo^ 
vlded on the front panel of the signal genera^r. 
These check points are. at 60 ^^and 400 hertz. 
Basically, they check the calibration of -'the 
osci^ator (or oscillators) inside the generator. 

To check the operation of the oscillator at 
60 hertz, set the main tuning dial to "60" and 
the range switch immediately below it to "XI". 
This sets the frequency of the oscillator to 60 
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Figure 7-14. — Representative audio frequency generator. 
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Hz. fTurn the **FREQUENCY METER" switch 
on and move the main dial back and forth slightly 
until the 60 Hz reed (located upper left on the 
meter, figure ' 7-14) vibrates with maximum 
amplitude. The main tuning dial should indicate 
**60", within one division, if the frequency cali- 
bration is correct. Similarly, the output fre- 
quency may be checked at 400 Hz, by means 
of- the 400 Hz reed on the frequency meter. 

Radio Frequency Generators 

' 1 ^ 

Signal generators tl|iEtt cover the frequency 

range from about 10 kHz to 4.5 GHz are classi- 
fied as RF signal generators. Figure 7(^15 is £ 
representative ,RF signal generator. Although 
the frequency range of RF generators may vary, 
the front-panel operating controls are generally 
standard. 

The generator shown in figure /7-15 is as- 
sumed to have an output frequency/ range of 10 
kHz to 50 MUZt. It operates from a standard 
115 v.a.c. outlet and produces its frequencies 
in 8 bands. The '*BAND SELECTOR" is shown 



on the front panel of figure 7-15. The ^'MICRO- 
VOLT" and "MULTIPLIER" switches serve 
the same purpose as they did for the AF signed 
generator; by multiplying the microvolt meter 
reading and the position of the multiplier switch, 
we know the voltage level of the selected out- 
put signal at the t*X-MULT" jack on the front 
panel. The output at the **X200K" jack is con- 
trolled only 1^ the meter microvolt, control 
knob. Every reading of the microvolt meter is 
multiplied by 200,000 in order to. determine 
the output of the signal generator when this 
output jack is used. When this jack is lised, the 
multiplier switchiis not used. 

Often," RF generator outputs are modulated. 
Tiis modulation, usually an AF signal, is in- 
serted at the '''EXT MOD IN" jack on the lower 
ri^ht-hand side of the front panel. The voltage 
level at which this signal is inserted is nor- 
mally controlled with the variable knob located 
imm^'diately below the **% MOD" switch. The 
percentage of modulation is read from the lower 
scale of the **MICROVOLT" meter. There are 
severed capabilities available to ain operator of 
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this generator using these two controls. Be- 
cause operating procedures often vary for these 
two controls, none axe repeated here. For proper 
operation . of the modulation Jack and controls, 
refer to the applioable technical m^ual or 
maintenance manual. 

OSCILLOSCOPES 

An oacUlOBCope, is a piece of test equip- 
soant that gives a vtsual presentation of the 
measured signal front-panel screen, much 
IUeb thilt contained in a television set, A typical 
baalc oscilloscope is shown in figure 7-16, The 
««80ree%^f is shown in the uppef middle of the 
iigure/ J 

The oscilloscope, (sometimes called an *'0- 
SCOPB'') is the most versatile piece of test 
equipment that a technician has at his disposal. 
Most test equlpm'eht is designed to measure 
amplitude or quantity. The oecillolBCope per- 
mits many charac^ristics of a circuit to be 
observed and measured. Some of these are: 

1. Frequency 

2. Duration (or tlm^ of one or more hertz. 

3. Phase relationships between waveforms. 

4. Shape of waveforms. 

5. Amplitude of waveforms. 

The oscilloscope may be usedln preventive main- 
tenance procedures for alignment of receivers 
and transmitters, frequency comparisons, per- 
centage modulation checks, and equipment cali- 
bration. 

A waveform may be consici<dll^l^d as a pictorial 
representation of a varying signal. Distortion 
of a waveform is ah imdesi^^'d chaq^ or devia- 
tion in its shape. This is especially noticeable 
lii ^pjHiery, wheh^ theirs components begin to 
deteriorate or break down in value. When tills 
happens, th£^ ^output* waveform - will change in 
amp^tude, frequency, phase, etc. Thisg^nibtl^ 
(or distortion) can be more readily detected 
with an oscilloscope as part of preventive or 
corrective checks. Naturally, the usefulness of 
an oscilloscope in any preventi\ ce- o r correctivt 
technique depends ufMon the operaSor's knowl- 
edge of front-'pane} controls and operation, and 
how to interpret the re«uUflnt pictorial] dis- 
play on the screefn. 
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Figure 7-16,-^ Typical basic oscilloscope.., 



The Oscilloscope Screen ^ ^ 

The screen observed on the front panel of 
an >^ oscilloscope is actually the front of a 
CATHODE-RAY TUBE (CRT). For this reason, 
toost oscilloscopes are called cathode-ray ob^ 
cilloscopes ((CROs). The CRT (-shown. in figure 
7-17) is a special type of electron tube, in^ 
which electrons emitted by a cathode are focused 
and accelerated to form a nsirrow beam having 
high velocity. The direction of this beam is 
then controlled and allowed to strike a fluores- 
c§nt.^,j3creen, whereupon iight is^ emitted at the^ 
^^poiiit of impact to produce a visual indication 
of fhe beam position. The electronic process 
of forming, focusing, acceleratlnjg^, ^Controlling, « 
and deflecting the electron beam is accdmplished 
by the following principal elements of the cathode- 
ray tube: • / ' ^ ' 

1. The electron-gun. 

2. A fluorescent screen. 

^ ■ . ^ 
A simplified form of the electron gun, shown 
in figure 7-17, provides a concentrated beam of 



135 



EKLC 



r 



RADIOMAN 3 & 2 



1^ 



ANODE ANODE 
BASE CigHODE GRIDv NO. 1 NO. 2 



AQUADA6 COATING 

HORIZONTAL DEFLECTIOjj 
PLATES 



FILAMENT 



ELECTRON GUN 




VERTICAL DEFLECTION 



GLASS ENVELOPE ^ 

Figure 7-17.— ©aslc Cathode- Ray Tube (CRT). 
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high-velocity electrons. The cathode, when prop- 
erly heated, emits electrons. These electrons 
are attracted toward the accelei^ating and focus- 
ing anodes because of their hig^ positive po- 
tential with respect to the cathode. In order tq ' 
reach these i^iodes, the electrons are forced to 
pass through a cylindrical control grid, closed 
at one end except for a tiny circular opening, 
which concentrates the electrons and starts the. 
formation of a beam. Electrons leaving this small 
aperture are strongly attracted by the positive 
potential on the focusing anode (anode No. 1) 
and accelerating anode (anode Nb. 2), which 
are also cylindrical in shape Euid have small 
openings to permit beam passaged 

^ The electron beam is deflected after leaving 
the electron gun proper through the use of two 
pairs of parallel plates Ur6ated on each side, 
above and below the beam. These plates, called 
the vertical and horizontal deflection plates, are 
oriented such that the electron beam must pass 
between them. If no electric potential exists 
between these two plates, the electron beam will 
continue moving forward and strike the screen 
at or near the center. If a source of potential 
is applied to one or both sets of plates, the 
electron beam will "veer", or be bent away» 
from the center of the screen. Therefore, the 
electron beam| is shaped and accelerated by the 
electron gun and bent, or deflected, by the de- 
flection plates. 

In order to convert the energy, of the elec- 
tron beam iftto a visible light, that area where 
the beam strikes, thd screen, is coated with a 



phosphor chemical, which, when bombarded by 
electrons, has the property of emitting Ught. 
This property^is known as "fluoresoence'\ The 
intensity of the lighted spot on the screen de- 
pends upon two factors: ^ ' 

1. The speed of the electrons in the beam, 
and 

2. The number of electrons that strike the 
screen at a given point. 

The amptmt of light per unit area which the 
phosphor is, capable of emitting is limited, and 
onceothe\maximujp has been reached, aiiy further 
increase in the electron bombardment has no 
further effect on the intensity of the li^t. 

Oscilloscope Power Supfl^es 

Hlgl^- voltage and low- voltage po^r supplies 
are required for the operation of the oscillo-* 
scope. The high- voltage power sumly is used to 
provide operating potentials to the cathode-ray 
tube. The low-*- voltage power supply is used to 
supply operating poterttials to the associated 
ostilloscope circuitry, I.e.; ^plifiers, oscilla- 
tors, etc. 

The output of the high-voltage power supply 
is usually over 1000 volts, d.c, depending upon 
the size of the cathode-ray tube. The output of 
the low- voltage power supply is usually in the 
250 to 400 volt range. 
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Dflfcilloscope '♦Graticules" 

Figure 7-16 sho\y6 a typical basic oscillo- 
jcope with square grid-work on the front of 
;he sd^reen. It is through this grid-work that 
ve are able to accurately measure' pireuit out- 
puts. This grid-work is normally detachable and 
)an be , replaced with a grid of different size 
squafes In order to measure different quantities., 
riieser detachable grids are . called ''GRATI- 
CULES'' and are normally provided on separate 
)lates of glass or plastic that ate accurately 
nUrked and can be mounted on the oscilloscope 
n front of the CRT. ' \ ' 

Personnel Safety Precautions 

Y6u should never operate an oscilloscope.with 
:he case removed. High voltages that could cause 
fatal shock are exposed, and removal of the 
^ase reduces shielding of the instrument from 
stray external fields. 

Extreme caution should" be ^ exercised when 
3athode-ray tubes fiire handled. The glass enve- 
lope ^encloses a high vacuum; undue stresses 
BUid tough handling can cause serious injury diie 
to tube "implosion**. The fluorescent coating of 
the cathode-ray tube is extremely toxic. When 
you are handling broken CRT*s, avoid contact 
ivith this material. 

Before using /any oscilloscope, be completely 
familiar with the associated operating instruc- • 
tlons. A lack of knowledge of operating instruc- 
tions .can lead to personal injury when you are^ 
using a piece of test equipment containing volt- 
ages as high as that of an oscilloscope. Always 
consult the oscilloscope technical mapual for 
proper operation and applicable safety precau- 
tions., 

SPECTRUM ANALYZERS 

A spectrum analyzer is a device that sweeps 
oVer a band of frequencies to determine: 

1. What frequencies are ^ being produced by a 
specific circuit under test. 

2. The amplitude of each frequency compon- 
ent. 

To accomplish this, the spectrum analyzer pre- 
sents on a self-contained CRT a pattern in which 
the relative Eunplitudes and frequencies can be 
plotted. Figure 7-18 showsv the front panel of 
a typical spectrum analyzer. The CRT is shown 



in the upper left-hand corner of the front panel. . 
An access door with an a.c. power receptacle 
and a wave-guide choke flange are shown on 
. tiig/^ide of the equipment. The wave-guide choke 
flange is used by electronics technicians and radar 
personnel and is not discussed here. > 

Basically, a spectrum analyzer consists of a 
superheterodyne receiver and frequency modu.- 
J^ted RF oscillator (see figure 7-19). The RF. 
oscillator beats with the incoming signal to, 
produce an IF signal. This IF'sigAal represents 
the various frequency components present in the 
#rspectajiufn^of the received signal. Taese^signals, 
after/lhey are reduced to IF, ard^ presented on ^ 
the CRT as the spectrum pattern. Figure 7-20 
is aiT example of a typical spectrum analyzer 
pattern. Here we see the basic frequency (or 
carrier) and its immediate, associated sidebands. 

ELECTRON- TUBE TESTERS 

A number of different types of equipment have 
been developed for testing the cpndltion of elec- 
tron tubes. To be of practical use to the op- 
erator or technician in the field, a tube tester 
must provide a simple and quick appraisal of 
the qualltyg of a tube. Therefore, checks made 
with field-type tube testers generally employ 
simplified methods. 

' Field-type tube testers like the TV-7/U (shown 
in figure 7-21) have certaiivlimitations. Although 
they compare tube characteristics with a pre- 
dstermined standard, they do not reveal how a 
tube will operate in a circuit under actual op- 
erating conditions. Tha final, and most accurate 
indication of the condition of an electron tube 
is its ability to function satisfactorily in the 
particular circuit where it is used. Many types 
of high-power tubes, such' as those used in the 
PA section of transmitters, cannot be checked 
by general purpose tube testers because of 
impractical power requirements. These types of 
tubes m^st be checked in, the equipment where 
they are used. However, freld-type tube testers, 
although liimted in the completeness of their 
tests, ate very useful aids since they ^<^rwe to 
check the condition of tubes most 
munication and electronic equipn 

There are two different types to^i 
in common use in the field. These t '^rs, whi. 
are distinguished by the main tube ch..t acteristK 
they check, are known as the emission type tester 
and the transconduct^nce type tester. In addition 
to the main check, iielti-type tube testers may 
also be capable of performing short-circuit,., 
noise, gas, and emission-leakage test^. 
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Figure 7-18. — Front-Panel of a typical spectnun analyzer 
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■:f4:gure 7-20.-^»'l^ical spectrum analyzer CR^ 
display* showing garrier frequency and immedl- 
^ate sidebands. 



Emission Testers 



' 76.115 The emission type tube tester measures the 

Figure 7-19. — Block diagram of basic spectrum condition of the emitting sxjrface of the tube 
analyzer. " (known as the cathode). Tl^e end of tiie useful 
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^ilfe^'of a tube is vhmally preceded W a reduction 
'in electron emissioh^ that is, the cathode be- 
comes unable to supply the numbec of electrons 
necessary for proper tube ope ration Also, if the 
tab r has afi open ^lement, the-defect prevents 
proper emssioiv^d tbe tester indicates it^ as 
a weak or /bad tube. ' « 



Transcondwtknce Testers 



« ' The iranso^ductahce type erf tester provides 
a more- accurate evaluation of the condition of 
a ^i)9e than the emission type because it meas- 
ure, the** ability of the tube to amplify under 
simulated circuit conditions. 

Tlw term **transconductance'^* (also called 
mutual conductance) inc&cates the effect of con- 
trol voltages upon t|je' output current of a tube. 
After this is measured, the results arecompasao 
with the ratings of tlie tube manufacturer. Tpo 
meter scale of this typeiof tube tester is-iior- 
mnlly caliljrated -to read' GOOD, BAD, or WSAK. 
A voltage or powj^r amplifier tube is considered 
defective when its transconductanc6 value de- 
creftjSps to 70 percent of th^ /nine stated in 
the standard tube tables. An oscillator tube is 
considered defective^when its transconductancp 
decreases to 60 percent of tabl 

ELECTRICAL SAFEi 
PRECAUT^JPNS 

Every person who operates or repairs elec- 
tronic equiptnent and test equipment should con- 
stantly be alert to the natural hazards and Bhould 
also be capable of rendering aid to injured^per- 



8onn61. 

/ Safety is a major re sponsibili 
The . installation, maintenance, 4 
eleqtronic equipment enforces as 
Carelessness on the part of the^ operator or 
teJchnician can result in serious injury or death 
due to shock, falls", burns,*nying objects, etc. 



of allperJ^ nB. 
Id operation of 
n safety code. 



After an electrical casualty fi|is occurred, 
investigation almost, invariably shows that it 
could have been preVenteci by the exercise of 
simple safety precautions and procedures that 
should be observed at all timAs. Each person 
concerned with electronic equiinnent should m ake 
it his responsibility to vead and become 



thoroughly familiar with the safety pract^ices 
and procedures contained in: 



acj( 



1. U.S. Navy Safety Practices (OPNAV-34PI). 

2. BuShips Technical Manual (NAVSHjpS 250- 
000); Chapter 67. 

3. NAVMED publication (P5056). ' 

4. Electronic Installation 'and Midntena|ice 
^ Book (t:iMB), NAVSHIPS 900,000.10Q». ^ 

5« Equipment TBchnical Manuals. ' 

It is your responsibflity to identify and Eliminate 
unsafe conditions and unsafe acts which cause 
electrical casualties to personnel and equipment, 

^t qnust be bonie^ip?^ mind that de-renergizing 
main supply cijcuits^ill not necegjpa^ly *>kijl»* 
all" circuits in a g^ven piece of equipment, Tfaife 
i^ a common error of technicians fiuid personnel . 
msJcing preventive maintenance checks and ad- 
justments. In addition, aid to shock victims has 
ofte{i been hampered*because of th§ time required 
to determin^^^the soirees of all inputs to equip- 
ments. Th^efore. ensure^ALL. power inputs are 
off when the pr^pbntive or cbrtrective procedura 
calls ior it. ^ T • 

' * '~ "^""^ 

^'f) tim/^ ^ be safe when working^n elec- 
'r nd equipment. Carefully i^tudy 

'»'^ ontire ByciLem diagram, noting which cir- 
cuits must be deenergized in addition to the main 
power supply. Power should be left on^ equip-* / 
ment ONLY when necessary to the cor recti fe 
or preventtve check being made, ^ \^ \ 

t 

Hemember that thell5-voltpower supply volt- * 
age is not a low, relatively harmless voltage 
but is the voltage that has caused more deaths 
in the Nav^than ally other. 



General Safety Practices 



Tliij following is a listing of common sense 
safety precautions that must be observed at all 
times: ^ 

1. DO NOT worl/ with high voltage by your- 
self; have another pOTSon(safety observer), quali- 
fied in first aid for electrical shock, present 
at all times. The peMon stationed nearJjy shoxild 
also know the circuits and switches contrdLLing 
the equipment and should be given instruduons 
to pull the switch immediately if anything un- 
fpreseen happens. Q 
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2# . Always be aWare of the' nearness o£ high- 
voltage lines or circuits. Use rubber gloves 
where applicable, stand on approvedcTubber 
iDEttlng (M1L-M-I^562)i Not all so-called tubber 
roats are good ihsulators* ' 



1^. Mike certain that equipment is propierly 
grounded. Ground all test equipment to the 
equipment under test. ^ " 

14. When measuring pircuits over 300 volts, 
do not hold the test prods (or probes). 



3, Inform remote stations ^s to the circuit 
on which work is being performed, 

4. Keep clothing, hands# and feet dry at all 
timei^if possible. When it is necessary to woii? 
In wet or' damp locations, usa^ a dry platform 
or wooden Btool to sit or stand; on, and place 
la . rubber ma)( or ottier nonconductive material 
on top of the wood. Use insulated tools and in- 
sulated flashlights of the molded type when ^xgu 
are required to work oh^exposed parts. 

5« DO NOT work on energized circuits unless 
absolutely necessary. Be sure to take time to 
lock out (or block out), or "tag-out' 'i the main 
switch. Locks for this purpose should he readily 
available .If a lock csuinot be obtaine^d, remove 
the fuse and tag it* - ' 

6, Use one hand when turnind switches ON 
or OFF. Keep the doors to smtch and fuse 
boxes closed except when working inside or re- 
placing fuses. Use a fuse puller to remove car- 
tridge fuses, after fir^ making certain that the 
circuit is dead. * 



7. All supply switchefi' or cutout switches 
from which power $ould possibly be fed sh,all 
be secured in the OPEN (safety) position and 
tagged. tJie tag shall read "tHIS CIRCUIT WAS 
ORDERED OPEN FOR REPAIRS AND SHALL 
NOT BE CLOSED EXCEPf BY /JlRECT OR- 
DER OF'* (the person making, or directly in 
charge of repairs). 

' 8. Never short out, tamper with, or block 
open an interlock switch. 

• 9, Keep cleao: of exposed eqiripiMnt; when 
it is necespary to work on it j use jone hand 
as much^ as possible. ^ ' 

10, Avoid reaching into enclosm-es except when 
^ absolutely necessary; when reaching into an 
enclosure, use rubber blankets^and rubber gloves. 



11. Do not use bare hands to remove hot tubes 
from their circuit sockets. Us 3 asbefetos^^loves 
or a tube pt 



3i^^r. 



12. Uso A shorting probe to 
high-voltage capacitors. 



discharge 



all 



Safety Shorting Pr^6e 

Always assume that there is a voXtage present 
when working with circuits having, high capaci- 
tance even when the circuit has been discon- 
nected from its pfbwer source, Th»)ref ore, capaci- 
tors in such circuits should be dis^arged in- 
dividually, using an approved type shorting probe, 
Hi^^h capacity capa<5itors may retaib their charge 
for a considerable period of time after having 
baen disconnected from the power source. An 
approved type shorting probe is shown in figu^^e 
7-22. . . 

Symptoms of Electrical Shock 

Electrical shock is a jarring, shaking sensa- 
tion* resulting irom contact with electric circuits 
or from the effect^ of lightning. The victip 
usually experiences the sensation of a sud^n 
blow, and if the voltage is sufficiently high, 
unconsciousness. Severe burns may appear on 
the skin at the place of contact; iiliuscular spa^m 
can occur, causing a person to grasp the ap- 
paratus or wire which caused the shock and 
bt3 unable to turn loose. Electrical shock can 
kill its victim by stopping the heart or by stopT 
ping breathing or both. It may sometimes damage 
nerve tissue and result' in a slow wasting away 
of muscles that may not become apparent until 
several weeks or months after the shock is 
received. 

>«► 

If a 60 Hz 'a.c. is passed through a person 
from hand to hand or from hafid to foot, the 
effects when current is gradually increased from 
zero are as follows: 

1. At about 1 mllliampere (0.001 ampere), 
the shock will be felt. 

2. At about 10 milliamperes (0.01 ampere), 
the shock - is severe enough to paralyze muscles, 
and a person may be unable to release the 
contiuctor; 

3. about 100 mUli amperes (0.1 ampere), 
the sh^k is usually/ fatal if it l^st^ 4*^^ 



second or more. 



A' 
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PROTECTIVE SHIELCr 
. 4 IN: DIA. X 1/4 THK. ^ 

(2) MACHINE' SCREWS 6-32 X 3/4 LG. 
DRILL (2) HOLES .144 DIA. (SH4ELD ONLY) 
DRILL & TAP (2) HOLESi6-32 X i/4 DP. 
(HANDLE ONLY) 

DRILL FOR PRESS FIT 6 IN. DEEf> 
FOR 1/4 IN. ROD 
DRILL & TAP 2 HOLES IN LINE 
FOR (2) 4-40 NC X 1/4 INCH SCREWS. 
SCREW AND SOLDER SOLDER 
CONNECTIONJN PLACE. 



® BA'KELltE HANDLE 




7 



30 IN. LENGTrfBARE, FLEXIBLE, BRAIDED. 
TUBULAR, COPPER WIRE 1/2" ID, 30 AWGN 

MECHANICAL & SOLDEIR CONNECTION 
MESH TEETH TEST CLIP ® 



, Figtfre 7-22. — Approved type shorting probe. 



:It is important to rememlDer that current, 
NOT VOLTAGE^ is the killer^^d determines 
r^]||^ck intensity. The amount of current that 
may flow through the body is determined by 
^bdy resistance. That is, if the skin is dry and 
unbroken, body resistance will be^quite high, on 
tl^ order of 300,000 td* 500,000 obtasjfHowever, 
if the sk^ becomes moist or bjp^ken, body 
resistance itiay drop to as low. as 300 ohms. 
Thus, a potential . as low as 30 volts could 
cause a fatal current flow. Therefore, any cir- 
cuit with a potential in excess of this value 
roust be considered dangerous. 



Rescue of Shock Victims 



The rescue of shock victims is dependent 
upon prompt first aid. Unless you want to be- 
come a victim yourself, observe the following 
precautions: 

^ 1, Shut off the higb voltage at once. 



2, If the'higli voltage cannot be turned off 
without delay, free the victim from the live 
conductor, observing the following safety pre- 
cautions: 



i^ing 



a*. Protect yourself with dry insuli 
material. 



b. Use a dry board, belt, dry clothing, 
or other nonconducting material to free 
the victim. 



Q, Use an axe, ^f /-necessary, to' cut the 
high voltage cable or wire, taking cdre 
Jto protect your eyes' from the flasl 
when the \vires are severed^ ^ , 



\ 



^ 



r 



* 3, AftQr removing the Victim from the source, 
determine whether there is any breathing. Loosen 
the clothing about\the neck, chest, and abdomen 



1 

1 
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80 that^ breathing is facilitated. 
' yiotiiT) from exposure to cold. 

4. Prevent movement by the 



Prote<;t the 
victim; aJter 

ahock, the heart is very \yeak and any ' suGid9n 
effort or activity may result in heart failure. 

5. Send for a medical doctor or corpsmaji* 
and do not leave the victim itotil medical help 
. haa arrived. Do not give stimulants or opiates 
■ to the%victiny/ 

«. If t^ ^victim ^ is not breathing, it will 
herneoe^mxy to apply artificial respiration >yith- 
out de}^. * " 



3. Procure 
fled in rigging. 



the a s si stance.- bf a person quali- 



r'RF-Energj^ Burns / 

.* . , ' ' 

^hen passing; through the body, a.c. above ^ 
10 KHz produces heat. Eventually, excessive 
heat results in the destruction of living tissue. 
From the standpoint of radio coaimunlcations, 
the heating action penetrates through the tissue 
down to the bone» where skin nerves are not 
present to distinguish between sengations of **hot'" 
and **cold". Thus, it is entirely ^ p?y&sible for 
a peiN^gn^Jp sustain destruction of nerve tissue 
and body organs aQ a result of excessive he ait, 
even though the individual feels little or no 
sensa^on. Furthermore, the conseqtiences of 
such oestruction may not be realized for some 
time; Delayed effects of both shock and RF 
heating include insanity, mental inertia, diseases 
of t^e blood vesseis7 eye cataPbcts, nerve dis-' 
turbances of various kind^, disturbances in the 
heart condiiction system, and destruction of the^^ 
pancreas tissi^e. It is dangerous and foolish 
to deliberately subject oneself to a shock or^ 
an RF *burn. In parocular, the cdmmon practice 
of drawing an arc by means of a pencil is 
definitely unsafe.' . 

Caution must be exercised when you' are work- 
ing on transmitting antennas, sir\ce ^a person's 
reactioii to an RF burn may cause a ^all f rom 
an elevated structure. Adequate precautions 
should be taken lo ensure that transmitters are 
not energized when they are connected to ^ 
antenna that is being inspected o^ worked on. 
It should also be determined whether the RF 
energy from \Jransmitting antennas in the area 
is harmfuh 

When working aloft, ^ou should observe the 
following precautions: 

sAniasipn from 



4. WesLT a safety belt and secure it a% soon 
as the work area is reached. 

5. Secure tools to be carried aloft to your 
person with carrier lines. , ^ 

» ' .' • 

6. Ensure good footing and grasp at all tiroes. 

7. Remember tke ejqpression: HOLP FAST.j 

Figure 7-23 shows standard hazard warning signs. 

Cathpde-Ray TL^bes^(CRTs) 

Extreme caution should be exercised when 
you »are handling a cathode-ray tube.vTbe glass, 
envelope encloses a high vacuum and will **ipi- 
plode" if punctured. Toti^ c^oid serious injury, 
adequate precautions shouldA^ taken at all tiiQes 
to 'minimize the danger of breaking the glass 
enVerlope. Avoid scratching, strikii^gV or using 
exc6'ssiv^ fbrce when haindling the tube or when 
plaging it in it6 socket. Never hold the tube 
. by its narroW neck, and when setting t^ie tulje 
down, always stand it on its face on a thick 
piece of felt, if available. 

K . 

Before a CRT is discarded, the tube should 
be rendered harmless by brc^aking the vacuum 
seal. This can be done as follows: 

1. Place the tube, fade down, in any empty 
CRT carton. 

2^ Carefully break off the locating pin from 
the base of the tube as shown in figure 7-24. 

. 3. With 
break off 



1^ smeill screw driver or probe, 
the tip '^f th^ glass vacuum seal. 



1. Obtain perhii§sipn 



the CIC watch 



officer"^ communication watch officer (CWO), 
andOOD. 

2. Ensure boiler safety valves are not being 
set by Checking ^ith the engineering officer. 



WARNING: The chemical phosphor with which 
the face ol the CRT is coated may be extremely 
xtbxic. When disposing of a broken tube, be care- 
rui^jKjf to gfet any of this compound on your hands 
or into skin breaks. ' 

Fire Precautions 

In addition to obslerving s^<!l\ precautions as 
the proper storage of flammable liquids and 
the prevention of circuit overloading by using 
only properly rated fuses, you should make sure 
that fire extinguishers of the proper/ type are 
conveniently located near all high-voltage equip- 
ment. The following is a list of fire 
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EKLC 



ALUM-LtTTtR 
IMTTt PIHIIM 




Rtp.ns M 

RtV. IRQO, 



ALUM-LITTIM 
MATTt PIMIM 



ALUM-LETTERS 
MATTI FINISH 




ALUIi-LITTtU 
MATTI PINIIH 



SPECIF iCATIONSs 
LOCATE ON RADAR ANTENNA PEDESTAL. 



ILACK MO M 
RIV. IKCO. 



3PECIFICATI0KS> 

LOCATE IN RADIO TRANSMITTER ROOM IN SUITABLE 
LOCATION FOR FULL VIEW OF OPERATION PER|ONN|L. 



ALUM-LETTER) 
MATT| FINJS^ 




ALUM-LETTER 
^^TTE "finish 



REO 333 M 
REV. BKGO. 




ARNING4 

F RADIATION HAZARD V" 



A HAZARD TO<eERSONNEL EXISTS IN THE 
ANTENNA BEAM OF HtOH^ POWEftEO RAOARSf;^ 



FiXEOaCAM tCAWWIWq ROTATING AWp ftOTATtWa 



. EUCK SOO M 
REV. BKCD. 



ALUM-LETTER 
MATTE FINISH 



BLACK SOO M 
REV BKOO 



SPICIFICAfTOHS/ 

LOCATE AT EYE LEVtL AT FOOT OF LADOER OR OTHER 
ACCESS TO ALL TOWERS. MASTS. AND SUPERSTRUCTURE 
WHICH ARE SUBiECTIO TO HAZARDOUS LEVELS OF RAOU 
TION. * 



HAVJHIPS 93M0 \ ^ . 

SPECIFICATIONS: ^ ' . < 

LOCATE ON OR ADJACENT TO RAOAR StT CONTROL. I ; 



Figure 7-23.— Standard hazard-warning signs,., 
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. . - / SHAL 

20.320 

Figure 7-24.— Base of CRT and locaUng pin. 



^ exUngulshers that are normally available for 
^your use: 

1. Carboti Tetraohlorfde - Etfeottve on eleo- 
trical fires» as the oompound is a non-pondifotor 
*of eleotrloity and will not damage eleotlribal 
parts. 

2. C02 Qas - May be used on any flre^ part- 
icularly on eleotrical fires. 

3. Soda-acid - May be used only on ordinary 
fires, as the liquid is conductor of electrloity. 
Not effective on burning compounds, oilt etc. 

• 

4. Foam - Very effec^ve on burning com- 
pounds, oil, and similar materials. Not satis- 
factory for eleotrical fires, as the compoimd is ^ 
a conductor of electridfiy. 



4 
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CHA1>TER 8 

SYSTEM DIAGNOSIS AND 
QUALITY ASSURANCE ' 



Toi*>^operly dlggnose potential communlca'- 
tloii Byfitem trouble symptotiiB and to aeeure the 
most reliable ecpiipment operating etandards, 
afttdiaxlt * and accurate testing procedures are 
Indlqmuiable. MeamirenQents are made periodi- 
oalOy while the eqiilpnnent is functioning properly 
to disclose any decline in the quality of equip- 
ment parformanoe. However, even the most Bye" 
tem^atio cbebks avallSlble will not replac# Uie 
oper liter's knowledge of basic communications 
systems and fUnctionja equipment operation. By 
combining your knowledge erf basic systems and 
functional operation with proper communications 
t6stiiigr procedures, potenUal problems are elimi- 
^ nat^d and equipments are operated at peak^ef- 
fioieocy a^d reliai^^. ' « ^ i 

The term ^'system diagnosis axid quselity as- 
surance" has tended to be confusing. '^Systern 
diagnosis'' si^iply means to detect a poteirtial 
"^or real prqblein 'in a communications system, and 
to isolate'thal problem thro your knowledge 
of that syBj^. **Quality ajftsuranee" is a planned, 
systematic, j^attern of actions necessary to pro- 
vide relative"' confidence that a system or ec^p- 
ment will jk^ satisfactorily in actual 

;oi»ration."The SMS portion of the 3-M system 
provides part of quality assurance for us. Sys- 
tem diagnosis and that overlapping part of quality 
assurance is provided through unscheduled, 
wateii- to- watch, minor maintenance and the 
knov^ledge acquired by communications main- 
tenance personnel. This chapter's objective is 
to increase your knowledge of the testing and 
assurance procedures of the more basic com- 
municatiODi equipment. 

TYPES OF OPERATOR 
MAINTENANCE _ ■ 

-^^yHgenerally speaking, there aire two basic typesy^ 
of maintenance that radio operators must con-^ 
*^cern themselves with: OPERATIONAL and PRE- 
' VENTIVE. Operational maintenance is considered 



■ ■ - ■ . • ^: :: 

a low-level of technical maintenance that an 
equipment operator may be able^to perform while 
on watch or during inrport^periods of equipment^ 
shutdown. This comprises such procedures as re<- 
cording built-in xpeter reiidiii^» making front 
panel ^djustmrents, or jepliBioing minor partSiSUPK 
Us fuses, indicate lamps, etc. Operational main- ' 
tenance also -elvers such routine Inspections 
as visual in§pectiops of equipnoents conducted , 
for the. purpose of finding and\ correcting con- 
ditions of dirt, corrosion, 'loose connections, 
mechanical defects, etc. Altiiough these inspec- 
tions overlap the category off preventive maln- 
' tenance, operational maintenance can be 
considered separately, since this general main- 
tenance . is practiced routinely on a Navy-wide, 
and normally unscheduled, basis. 

The most effl9Ctive maifit^nance^is preventive 
in nature since miany pQi^nt|al * failures are 
detected and corrected befc^e th^y have a chance 
to develop. ' Normally referred to as **PMS", 
preventive maintenacfCe is accomplished through 
the use of MSlntenance Requirement Cards 
(MRCs) which O^ne the preventive .task to be 
accomplished in ft-at^by-step maniier. These 
' scheduled maintenance tasks serve to reduce 
major equipment breakdowns and lengthen the 
useful life of the equipment or system. This 
form of maihtenaAoe consists principally ^ of 
cleaning, Itibrication, and periodic^ tests ,ainled 
at discovering conditions which, if not corr; 
rected, may lead to malfunctions. Often, pre^ 
ventive maintenance tasks require the ,u8e of 
basic test equipments. 



TYPES OF SYSTEMS 
TESTS 



There are numerous types of systems tests, 
at least as many as there are systems. Air 
though it is possible to divide systems func- 
tionally by operation, systems may be simple ,> 
such as ba^ic send-r^ceive .types, of complex,^ 
such as automated computers. Each, in turn. 
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iB 0)ji^le up .'of other separate systems. For ex- 
ample* voice transmission systems may be AM* 
'^M» etc. Saob system or subsyittem is composed 
of certain gproups of equipments or upits. Test- 
ing in ay comprise all imits or only one . For 
example I whan making Qu^lty Assurance (QA) 
.checks on' a transmitting system » you may be 
making radiation resistance checks on the an- 
temia or output power jnnefasurements on the 
transmitter. You may make a simple insula- 
tion resistance check of the RF cabling between 
the transmitter and the antenna. These various 
tests %nd checks may be used in conjuhction 
with your effort to diagnose a system problem 
imd eliminate it or could possibly be made in . 
accordance with regularly scheduled PMS checks?^ 
Tliereforc^ it' is easily seen that no one par- 
ticular test or check can be considered as being 
a part of system tiiagnosis, or part of 'quality 
assurance only. However, it^ can be said that 
all of our tests, phecks, and measurements 
combined sdrve to i^ualitaUvely determine the 
condition of systems, subsy litems, and individual 
eqxdpmehits. ' t 

System techniques vary from the extremely 
simple to the very complete, depending upon the 
type of system. More than one jnethod may 
nqrmally be used, ^lepending unofT the pircum- 
stances, what it is desirable /to monitor, and 
the test equipment available./ For example, a 
transmitter producing a modulated signal may 
be monitored by observation of the output metsr 
on the transmitter front panel. A more refined * 
iliethod, would be to connect an ammeter in, series 
with the antenna lead. vVhen antenna current 
remains steady, an unmodulated carrier is be- 
ing produced. If the antenna current varies^ the 
output is being keyed, or modulated.^ The ob- 
servation of the output meter and the use of 
:the ammeter essentially ''tell us the same thipg. 
^This is an example of having more than^one 
method for performing a basic check. 

You should always select the system technique 
that is most reacUIy accessible, ^asy to per- 
form, and provides the most information on 
operalj^on of the system or subsystem. Nor- 
mally, built-in monitoring setups are provided 
for most communications'system's as operator's 
functions, 

, Basic systems tests may be subdivided into 
t^ following gecAral categories: 

(1) Overall performance te^s. 

(2) Minimum performance tests. 

(3) Sensitivity /selectivity tests. 



(4) Power iHput/output tests. < 
.(5) Property measurements. . ^ 

Overall performance tests/checks normally 
indicate the total capability of / an individual 
piece of equipment or of an entire system. An 
example would be 'the testing of a transmitter 
in all. operational modes (e.g.. CW, *AM, FM, 
SSBi FSK) in Accordance' with the performance 
standards normally contained in the equipment 
technical -manual. This would indicate the over- 
all capability of the transmitter. ^ 

Minimum ^performance tests are equipment 
ohecks or the minimum standards expected of 
a system. For example^ if a ti^smitter is 
supposed to deliver J. 25 'watts ofs^owei* when 
aOrAM signal is fed into a properly tuned 
antenna but' delivers only 95 watts, minimum 
standards are not met. Therefore, rjamedial 
action needs to b^ taken and the equipment 
brought up to minimum standards through proper 
repair or adjustments. . ^ 

Sensitivity and selectivity checks are as*^ 
sociated primarily with receivers. Sensitivity is 
the 'ability of a receiver to amplify a ^ weak 
signal. Selectivity is the ability of a receiver, 
to reject unwfmted frequencies and iiccept only 
the one desired. However, the terms **sen6i- 
tivity" and ** selectivity'* may be applied to any 
amplifier or frequency-determining network. Any 
piece of equipment that contains amplifiers or^. ^ 
frequency-determining networks can^ be given 
sensitivity and selectivity checks. . . 

Power input/output tests are self explanatorj^ 
and normally deal, with the ability of alprans-^ - 
mitter or antenna to driver or accept rated 
lev6ls of power and operate at pre^ribed levels 
of effipienqy. However, radiation resisiance 
checks and field- strength tests are also^ con-, 
sidered part of poWer testing. A , 

Property measurements are c6nsidered to be 
checks of basic electrical properties, such as 
resistance, capacijtance, inductance, etc. An ex- 
ample wo^ld be a basiC resistance test with an 
ohmmeter; This category is probably the most 
extensive of the basic tests isuid is discussed 
in the following paragraphs of this {late Train- 
ing Meinual. 



BASIC MEASUREMENTS 

The following section will discuss the validity 
of basic resistance and voltage fheasurements 
as well the usage of an oscilloscope in 
making varioUe checks. 
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R68i8tanc6 MeasUretnents 

-■ - ■ , ' .- V 

, PefecttVe components and parts of equips 
mdnts cad usually bQ located by measuring the 
d«c« resistance between various points in a 
tDircult and a reference point (or points), usu- 
ally ground. This is due to the change in the 
resistance values of componentif wtienever a' 
fault develops. Point-to-point resistance charts 
In tbB equlp^)ant technical manual usually can 
^ l9e 'advantageously used for this. Always re- 
member that, wl^n taking resistance measure- 
ments» the valuafr^ven in equipment charts 
Bxe, treasured between th^ indicated points and 
ground. Also, r^mefaiber to "secure the power 
to the -* equipment under test and to discharge 
all capacitors before making resistance meas- 
urements. ' 

Voltage Measurements 

Since most troubles encountered in equip- 
ments and systems either result from abnormal 
• voltages or produce abnormal voltages, you 
should consider voltage measurements indispens- 
^ able fi^s» in. locating troubles when trouble- 
shooting and in locating trouble symptoms when 
performing QA checWa. Testing techniques that 
utilize voltage measurements also h^ve the ad- . 
vant^e that circuit operationfHs not interrupted. 
Poiut-tcj-point voltage measurement charts are 
normally contltlned in * equipment and system 
technJfpal manualt^^Thes^ charts contain the 
noTtCial . operating voltages encountered in the - 
^various stages of the equig^ment. Unless other- 
Wise , stated* the values shown in the equipment 
Ichsirts Eire measured between the indicated points 
^cmd ground. r ^ - ^ 

j.X WYy^ voltage measurements are taken, > it is 
coAsiddred good m-a&tice to set the voltniu' r 
on the highest rangal initially so th^t any^ex- 

/ cessive voltages ejdreting in a circuit will not 
cajise .overloading of . the meter; To obtain in- 

^creased accuracy, the voltmater may tl;ien be 
set to the designated range for the proper com- 
parison with* the representative value given i^^^ 
the voltage charts. 

It should be remembered that the sensitivity^ 
(in phms per volt) of the^ voltmeter used to 
prepare the voltage charts "in th 
manual is always given on the char 
If a meter of similar sensitivity i^ 
it should be used so that the effect; 
will not have to be considered. 



The following' precautions ^e general safety 
measures, pertinent to the measurement of volt- 
ages, that you should follow when working with 
electronic equipmei\t while making preventive or 
corrective checks: 

(1) Connect the ground, lead of the voltmeter 
first. vVhile making measurements, place one 
hand in your pocket or behind your back. 

(2) If th^ voltage to be measured Is less 
than 300 volts, places the end of the tbst prod 
on the point to be te^d^ 

If the voltage to be measured is gre£t(S%^thail\ 
300 volts, proceed as follows: . ' 

(1) Shut off the circuit power. 

(2) Discharge the ca^iacitors. v , ' 

(3) Ground the point to be measured. , 

(4) Connect (clip on) the proper tesi lead 
to the' high-potentiai point. ^ 

(5) Move away from the meter. 

(fe) Turn on the circuit power and read the 
voltmeter. 




Do not come in contact with any part of the 
equipment while the power is on. You should 
constantly keep in mind that almost all volt- 
ages are dangerous and can be fatal if con- 
tacted. - • i 
f [ ■■ ^ ' 

Oscilloscope Measurements 

./ ifi ^ ^ 

Often referred to as "waveform ,corppari- 
fions",'* these measurements are considered to* 
be a^ery important part of preventive main- 
tenajice, although they are used primarily in 
corrective maintenance. Waveform/ may be ob- 
served at indicated test points, strown in wave- 
form charts or on MRdfe. i / ^ • 

' ' , 

The ^wWeforms giv^n|^ charts, MRCs, or 
instruction llooklets are jo^n idealizedyand do 
not show' some of the cmadls^ which afe nor-- 
-mally present when the aitual waveform is dis- 
played on an oscilloscope » Consequently, maily 
apparent * 'troubles" haVe been detected that 
really don't exist, resulting in many lost man- 
hours^of corrective maintenance in search of 
a iirol;)lem that has been tentatively diagnosed. 
If t^lerie ^s no trouble present in the equipment ■ 
or bya(tem, a waveform observed at a desig- 
nateW point generally should resemble ^the ref- 
erence: waveforixi given for that test point. 
However, test equipment characteristic^ or ijpage 
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oaii>efauBe tUstortion of the observed wavef or 
even though the equipment or system is operating 
norxDally* Some of the ^ more common causes 
of these conditions are as follows: 

U) /Il^e leads of the teV oscilloscope may 
not toe placed in ' the ^ same' manner as those 
of the- oscilloBcope- used in preparing the ref- 
:toenoe waiVeformB, the^^jlaaJL^ lengths may 
.diffor considerably. These variations may cause 
the waveforms on the oscilloscope screen to 
appear distorted. 

(2) A'.type of oscilloscopei^ having a different 
input impedance ai^d frequency response may have 
been used to obtain the reference w^veform^^ 

(3) Operator front-panel errors may result, 
from lack of knowledge of oscilloscope operation 
for test purposes. 

In general, time should not be wasted ii? 
searching for faults when relatively minor dif- 
ferences are detected between the ^reference 
Waveforms and those obtained by basic checks. 

PERFORMANCE TESTING 
MEASUREMENTS 

Perf(3rrmance testing of communication equip- 
ment and systems comprises specific tests for 
each .category of equipment. In practice, per- 
formance checks determine the operating con- 
dition of a complete section of an equipment 
or system. Although they are normally Covered 
in PMS, they al«o may be given as partoef post- 
availability tests, post-overhaul testing, and 
specif inspections. These tjpts are: 

(1) Receiver noise measurements. 
Receiver gain measur.^tpgpts. 

(3) Receiver sensi^yity roeaaut^m^ 

(4) Tr8u:ismittei: power Qutpufmeasurem^ 

(5) Standing wit,e measurements^ 

(6) Frequency sp-^ctfjum mefffturements. 
ll) Impedance! measurements of antennas and 

transmission linek. ^ 

Receiver No^se Measurements ' 

In theory ^ it is possible to amplify a weak 
signal by any desired factor, l^or example, a 
receiver may have an amplification factor of 10 
or 1000. This simply means that any signal intro- 
duced into the receiver input will be increased 
in amplitude 10 or 1000 times. The receiver 



lification factor is Closely linked to the 
receiver , sensitivity. To distinguish bet\veen the 
two, it must be remembered that the sensitivity 
of a wceWer is its ability to amplify weak 
signal^; whereas, the amplification factor of 
a receiver is the relative increase in ampli- 
tude from th^ input to the output. 

-There is a limit to both the, amplification 
factbr and the sensitivity 6f a receiver. Ihis 
limit is determined in^all rece^vere by the 
amount of noise present^ the receiver at any 
one time. The noise present in the receiver 
' may come from random electrical disturbances 
in tlje atmosphere or from the electrical com- 
ponents in the receiver circuity. Whatever the 
source, the greatest amount of noise enters 
the refceiver amplificatidn circuits ' by way of 
the antenna input stage. If the noise originates 
in the atmosphere, it enters the receiver via 
the antenna proper. If • the \ noise' originates in 
the circuit components, it enters the receiver 
via the first ^F amplifier. This is because 
only the noise generated in the first stage is 
amplified throughout the receiver. ^ Noise gen-_ 
erated in the rest of the receiver ^s not as 
.harmful as that generated, in the first stage 
of ainplificatibn. ■ 

Basically, what this means is that the crucial 
quantity in any' receiver is the signatl-to-noise 
ratfo present at the i,nput of the first RF amp-. 
*Ufie?r. The absolute magnitudes «f signal and 
^nterferelice are not important, only their ratio. 

The noise generated through atmospheric 
disturbamces caabe controlled somewhat th3:ough 
the use of noise limiter, squelch, and volume 
control circuits whose operating controls are 
normally located on the front panel of the re- 
ceiver. However, inherent . receiver noise is a 
^ result^ of the design of the receive 5^ itself and 
4^ ha^er to oontei^di^with; Therefore, it is safe 
to say ttiat the inherent noise generated in a 
receiver establishes the minimum limit of sig- 
nal that a receiver canjusefully amplify, thereby 
determining the receiTOr sensitivity. 

Self-generated receiver noise can .be broken' 
down into two distinct types^ Thermal, agitation 
and tube- noise. Together, they carl be con- 
^ sidere^ collectively 'as receiver noise. Thermal 
ndise ^ is 'the result of the random motion of 
the electrons in the antenna and receiver cir- 
cuits (also, sometimes referred to as ^'re- 
si stance noise'*). Tube noise is the result of 



the noise existing between vacuum tube elements 
in the envelope and the guide pins at the base 
of the tube. This receiver noise exists across 
the entire RF spectrum and increases as the 
bandpass of a receiver increases. 

At the higher operating frequencies, sub-, 
stantially all'^of the noise originates in ttie re- 
ceiver. Thla 4s due to there being less 
atmospheric jaOise present at the higher fre- 
quencies; whereas, atmospheric and environr 
mental noise generated externally from th6 
receiver are greater at low-frequencies. In fact, 
noise in the mic^wave region ^of the spectrum 
is almost negligible external to the receiver. 

Sinc9 receiver noise determines the weeikest 
signal that can be amplified practically, its' 
behavior and measurement are of fundamental 
inportance for equipment which may be used to 
receive very low-intensity signals. These re- 
ceiver noise measurements are -normally made 
with a noise generator or with an RF signal 
generator. 

Basically, a noise generator is designed to 
produce a random noise » signal at any number 
9f frequencies withip its design frequency range. 
For example, a noise generator with a frequency 
range of from 2-32 MHz can produce . a sig- 
nal ct)nsisting of pure noise at any frequency' 
between 2 MHz and 32 MHz. The noise" generator 
method of determining the noise figure of a 
receiver has the advantage that no knowledge 
of the gain of the receiver or amplifier under 
test is necessary. This method of measurement 
consists of comparing the noise actually present 
in the receiver or ampliftter with the nonvarying, 
calibrated output of the ndtse generator .It should 
bo rememb^Md that eflftoise measurement can 
^be made pn'san individual amplifier or on^ 
entire rece^er* 

Figure 8-1, shows a block diagram for making 
a noise- test on a receiver using a c^iKrated 
noise generator. For an accur^ measurement. 
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Figure 8-1. — Block diagram of a basiC receiver 
noise measurement. 



th? noise generator output impedanCte is ad- 
justed to be the same impedance as th|e normal 
signal source to the wceiver or ampMfier cir- 
cuit under test. In most cases, this Input^m- 
psdance value is given In th^ equipment tedbnical 
manual and is the impedance at the anlBiinal input, 
since the signal is normally injected at the 
first RF amplifier -of a receiver under test. 
For best results, the shprtest possible . leads 
should be used between the noise generator and 
the receiver input. Also, leads withjgood con- 
nectors should be used. Ideally, the maasure- 
monts are performed in a shielded roopi. If 
this is not possible, a location should be chosen 
where a minimum of interference from fadio 
transmitters or other electrical devicefif will be 
encountered. 

As is shown iA figure 8-1, the noise generator 
output is injected- .into the receiver at the de- 
sired frequency in ac9ordance with the standards 
and specifications set forth, in the equipment 
technical manual or maintenance stfiLndafds man- 
ual. The meter used at the^utput is normally 
an a.c. voltmeter. The aut^itiAtic volume control 
and noise limlt^r cia!:cuits should be disabled 
when this ^st is performed. 

When a voltmeter is ufeed^ as the ,ou^ut 
indicator, the receiver is first Qbserved with 
no input signal * applied. Then, the noise gen- 
erator is adjusted for- an output voltage of 1.4 
; times the no-input voltage indication. The noise, 
figure is then indicated on the output level con- 
trol of the noise generator^ If a wattmeter is 
used as the output indicator, the noise generator 
should be. adjusted foi" twice the no-input reading. 
' » >• ^ 

Ths signal generator method of makij^gj re- 
ceiver noise measurenlents is similar to the 
noT&p generator method in that the basic block 
diagram is the same as that 'Shown in figure 
8-1. The only difference is that a sigmal* gen- 
erator is used instead of a noise generator. 
This method has an, advantage in that ^ sine 
wave generators are m6re prevsileAt and afisier 
to come by than nois^ gSitierators. However, the 
signal generator mathgd re not as practic^ or 
accurate ^s the noise generator mathpd. When 
using the signal generator, you must teike intO' 
account the bandwidth and the response of the 
receiver under test, something you don't have 
to do with the noise generator method. Using 
the signal generator*, the procedure is the same 
in that the measurements are mlde ^onder con- 
ditions of no-sign^and signal inputs. 
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Receiver Gain MeaBuretnents 

* Gfldn tneasurements are u^ful in detertnining 
tlie gain of. a particular amplifier within a re-* 
colver or of an entire receivsr from input to 
output. The gain of* a palrticular stage within 
a receiver Is e^qpressed by the /fundamental 
equation; w> r 
» • 

) Voltaire Oain ivr\ - Voltage at Succeeding Stage 
/ voltage Gain (VG) - voltage at Input Stage 

That is to say, by inserting a test signal at 
^ the input stage and measuring it at the input 
to the succeeding stage, we can determine 
^4he voltage gWn (VG) of the, input' stage. Sim- 
-ilarly, the voltage gain (or gain) of an entire 
rebejlver la determined. By inserting a signal 
into* the antenna or the first RF ampdifier stage 
and measuring it at the output of the receiver, 
with a voltmeter we can dete^ijiine the gain of 
the entire receiver. Expressed 'as a formula; 



Receiver Gain, (RG) 



Ou^ut Signal 
Input Signal 



It is important when gain measurements are 
made that the normal operation of the ^tage 
not be disturbed by the test equipment involved. 
Figure 8-2 shows a basic block diagram of a 
typical AM receiver. A?- stgnal frequency from 
the signal generator may tie inserted at either 



point **a" or point **b". The signal that Is 
injected'^ and the connections that are made 
must be in accordance with technical manual 
specifications or the , maintenance standards 
manual. The output of the receiver is measured 
with a voltme ten connected at the * output of the 
last amplifier st|sige. Interpretation of the volt- 
age reading frcmi the input to the output will 
glye us the j^tal gain of the receiver. This 
method may^so be used between single stages, 
measured one at a time. 



Receiver Sensitivity 
Measurements 



Sensitivity measurements provide a conven- 
ient overall measurement of a receiver. In ad- 
dition to being the ability of a receiver to 
amplify weait signals, sensitivity also can be 
defined as the input carrier voltage reqidred to 
develop a standard value of output. Sensitivity 
measurements require the application, of an ac- 
curately calibrated signal to the antenna input 
terminals of a receiver, normally through a 
**dummy" antenna which approximates the iin-' 
pedance characteristics of the antenna wltMvhich 
the receiver is designed to*be used. This dummy 
antenna simulates nprmal operatiifg conditions 
and ensures, that ttie receiver has the proper 
impedance match and that the signal current 
during testing is equivalent to the signal current 
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Figure 8-2. — Basic block diagram. of receiver gain measurement using signal generator. 
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obtalBdd from a real signal'X^f equivalent magni-. 
tude* Figure 8-3 shows in /block form atypical 
signal generator, dummy antenna, and i^ceiver 
.hook-up in preparation for sensitivity meas- 
urements. 

* 'l4ost sipial generators bave an output im- 
^pedance of approximately 50%hms* Most lo>y im- 
pedance receivers have an input impedance of 
approximately 50 ohms' as welL T^ierefore, for 
sensitivity measurements of tfiese low imped- 
ance receivers withr# corresponding signal gen- 
erator, no dummy antenna is necessary.'' The« 
dummy antenna is necessary only where the im- 
pedances between the signal generator and re- 
ceiver mus^t be matched for proper 
measurements. 

As shown in figure 8-3, the signal gen-, 
erator injects a signed into the diknmy antenna. 
This injected signal must ;be in accordance with 
either the i*echhic^A manual or reference stand-s- 
y^ards tables. Tlfe signal is lfhen.in8er0d into the- 
receiver inputr*6ircuits as* ft norp:iallv would be.^ 
At tfie output of the receiver, ai^inoK^^ting de- 
vice, such as a voltmet*, is used to peasure- 
" the value of the test output in reference to the 
-standard test input of the signal generator and, 
thereby, determine the sensitivity of the re- 
ceiver. To obtsdn valid re;3ults, it is important 

* tt^t the step-by-«0tep'procedures and connections 
are made in accor4ance with the equipment tech- 
izical or reference standards msmuals. 

Power oAiput Measurements 

The me^urement of power output is tm- 
portamt in determining the efficiency and proper 
operation of all output stages and systems. It 
is applicable to audio frequencies as well as 
radia frequencies. For continuous wave (CW) 
transmissions, the power output is measured 
under key down conditions for maximum output 



' into a properlyterminated antenna system or a 
dummy antenna of equivalent characteristics. 

In modulated systems, the power output is 
measured for normal carrier ou^ut and foiSpeak 
power at 100 percent modulation* oscillo- 
scope is normally used to determine the drive 
necessary for 100 percent modulation. Exceed- 
ing this drive level will cause distortion and 
unwanted shifting of the carrier. 

Needless to say, there is an output power 
measurement for every type of transmitter: in 
operation. These' measurements are simpler to 
maJ&e, than, say, sensitivity measurements. llW- 
ever, iinlees prcq>er technical manual precautions 
are followed to the letter when the measure- 
ments are made, the test equipments used in 
conjunction with these tests will be permanently 
daA^aged and, made inoperative. 

In conjunction with- power measurements are 
standing-wave ratio (SWR) measurements. 
Standing-wave ratio tests and measurements are 
included in th^*scheduled preventive maintenance 
procedures lor equipments which are applicable 
to this type of te-st. It is basically a test of the 
ratio of currefil or voltage at a loop to current 
or voltage at a node along the length of the 
antenna. A low standing-wave ratio is indicative 
of a properly matched system and 4s a pre- 
requisite for good performance of all communi- 
cations transmission lines which are intended to 
match the loatf^iuid source^ impedances. Pro- 
cedures for checking the current or voltagp 
vari ati onis which are the com ponents of tne 
standing waves are dependent fundamentally xxaon 
the frequency of the system. Again, technical 
manual and reference standards procedures 
should be followed when these checks and meas- 
urements are made. 

Frequency Spectrum ^ 
Measurements 

The amplitude of a group of frequencies 
that comprise a signal is termed the **frequency 
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Figure^B- 3, — typical block diagram in preparation for sensitivity meiiSuremeAt. 
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■pectruxD^' of the signal. Various types of equip- 
ment provide a visual or a meter indication 
of the spectruzn. Those equipments which are 
used for observing or measuring segments of 
the audio frequency band are called. wave an- 
alyzers, distortion analyzers, and sound ana*- 
lyzers. Those employed for observing large 
segments of 'the RF spectrum are called 
panoramic adapters or signal analyzers. Test 
equipments used for observation of small seg- 
ments of .the RF spectrum, or of RF oscillators, 
are cidled q>ectrum analyzers or pulse ana*- 
"lyzers. The equipment most used in communica*- 
tions chepks is the spectrum analyzer* Some 
of the more important checks that , can b0^ac-' 
complished with the spectrum analyzer^ are: 

(1) Operation of transmitter local oscillators* 

(2) Operation of automatic frequency controls, 
<3) Frequency and sidq-band measurements^ 
(4) Power measurements* 



Impedance Testing of Antennas 
and Transmission Lines 

, Thip amount of current t^t flows in ^ an- 
tenna is one of the most important factors af- 
fecting the reliability of communioations* Thus, 
in order n> secxire the maximum radiated power 
from a transmitter, as much of the generated 
RF energy as possible must be efficiently trans- 
ferred to the antenna* Also, for optimum re- 
ception, the maximum transfer of energy from 
the*, antenna to the receiver must occur. Ef- 
ficient transmission and- reception conditions 
prevail' whenever the trknsinitter or :^ecelver is 
properl^ matched to the tj^ansmisaiqi; line^and^ 
ttie transmission line to the' antenna* 

Normally, antennas aind ^^8mislBion7Jlfk1ies 
are installed as an integral part o^ the ^qui; 
ment with which they are used, an^ performance 
tests* concerning' impedance iliatohing consist 
primarily of taking SWR meaisurements* How- 
ever, in certain instances, it will be found that 
an undesirably high SWR will be obtained, caused 
by a chax^Lge in antenna impedance. This could 
be the rei^t .of a hew ^tenna ihstallation. 
. or the erectioa of a struc^e in the proximity ~ 
^of the antenna^ so that the structure iifflue^ices 
the antenna characteristics. In ^Tractice, the 
|uitenna matching netjwork is generally varied to 
matbh the "new antenna pharactf ristics since 



ecmipment impedance. This can be done by mak- 
\^ a series of SWR checks and antenna match- 
ibg adjustments until an acceptable SW$ is 
reached, . - 

Often, when high SWRs are obtained for no 
accountable reason, a check of the transmission 
line or aatenna impedance is in' .order. This 
would be particularly true when there have been, 
no additions to the existing installation and no 
new structures, have been erected in proximity 
to itf The most standard check of transmission 
lined, control cables, and antennas is the im- 
pedance check, .This is normally done with a 
megohmmeter. In so^ doing, the insulation re- 
sistance of the cabling can be checked and the 
* 'breakdown potential" determined* The ihput 
impedance of the antenna also can be checked 
to determine if tl^e ''characteristic impedance*^ 
is« in accordance with technical manual stand*- 
ards. Characteristic antenna im'pedance normally 
can be checked wit^ an ohmmeter. ' 

V . ■ 

Electron Tube Testing 

Electron tube failures are responsible for 
the large j3t percentage of troubles that occur in 
electronib equipme^nts off systems. However, if 
a particular equipment or system uses a great 
number of tubes, it is obviously impractical to 
attempt to diagnose potential problerrvs by gen- 
eral tube checking* Often, when a preventive 
maintenance (PM) * check reveals a potential 
problem, the work center supervisor or operator 
will resort to xn missive tube replacement in* an 
attempt to di^^ose the PM failure. All that 
is usually apc^nplis^ed is that the equipment 
in question is severely misaligned i^on com"** 
pletion of tube substitution and the PM still 
. reveals a potential probleo^. Only when a prob- 
lem, has been dicLgnosed tbw a particular stage 
sljpuld any electron tubes b^^ested, and then 
.om^ tbos^ associated with the*improperly func* 
ining-circuit. ^ 



the transmission line is ^esignea to match the 
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Wheih :|^eplacing a tube in a circuit, n^»te and 
record ^e positions of the front panel operating 
controls before ohapging the setting of any of*/ \ 
them* Test^^eiiew tube >f or shorts before in-"^ 
serting the new tube intof the circuit? If ad- 
jtTsting the front panel ^controls with the new tube 
in place does;^t correct ^e abnormality, re- 
turn the controls to their original positions, 
and, unleiss a re^able tube tester shows the 
original tube to be \defective, reinsert the old 
tube in the oxigi^ circuit* Do not change tubes 
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indiscriminately; otherwise tubesT whose exact 
age and condition are unknown^(or uncertain) 
will accumulate, Ioi>niany high frequency equip«- 
roents wheif tubes are changed, the tuningof 
the circidts may be upset, Thus,'^ whentul^ 
substitutions are made, the. unit may often have 
to be reigned, ' 

RECEIVERQUAUXy 
ASSURANCE ^ 

« Communications receivers are composed of 
a TOries of- selective RF and AF Circuits, each, 
stage c^r whiqji is designed^ to amplify the output 
o? the preceding stage. The lowered efficiency 
of any^ one tube, or a change, in any one circuit 
parameter, usually results in lowered overall 
efficiency' of the receiver . The sensitivity of 
the receiver may also be decreased by the mis- 
alignment of the successive circuits, each of 
which may function in a suitable manner as a 
unit, Th9 sole function of a communications 
receiver is to selectively receive a weak sig- 
nal; therefore, an objective overall teat of the 
receiver sensitivity is the most significant single 
check that can be made 4)n the condition of a 
receiver. 

Some receivers are provided with a built-in 
output meter; others have an output mater equip- 
ped with a cord and plug to facilitate testing. The 
only other requirement for a sensitivity check 
is a stcmdard signal check of receivers on the 
various bands. During radio silence^ this sig- 
nal ma:^ be provided by a calibrated signal gen- 
erator with a dummy antenna coupled directly 
to the receiver input. When it is permissible 
to operate transmitters, the output of th& sig- 
nal generator may be fed into a central radiating 
an^nna, and receivers may be calibrated from 
the signal received by their own antennas. Any 
decrease in sensitivity should be corrected. 

It ' should be noted that sensitivity and selec- 
tivity may be affected by the alignment in all 
types of receivers. As receivers became more 
complex, alignment becomes more of a problem. 
In AM receivers using conventional sideband 
signals, improper alignment may result in the 
loss oi weak signals thrx>ugh loss of sensitivity 
and the inability to select the desired signal. 
When a receiver has AVC and AFC features, 
proper alignment may be complicated if proce- 
dures are not followed exactly, 

'^n* addition to periodic checks on sensitivity, 
routine physical inSQgctions must be made of 
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the receiver and accessory \units. Lubrication 
and cleaning schedules recommended by the 
technical manual, Maintencuice Standards Book, 
and PMS mupt be followed, Tub^s ""should be 
tested sparingly because frequent, insertion and 
^removal weakens the socket contacts abd causes 
-tiotsy^-or-intermlttent operation. Electron tube 
life generally extends to several thousand hours; 
therefore, in equipment which is continously 
operated and op which periodic sensitivity testa 
are made, tubers should be checked only when 
performance indicates such a need. When tubes 
are i^eplaced in RF circuits, the circuits should 
be realigned, if necessary, to achieve noritial 
sensitivity. Before new tubes are used, it is 
good practice to check them on a tube tester. 

Methods of adjusting aind servicing each type 
of equipment are discussed in detail in the tech- 
nical manual or manuals furnished with each 
equipment as well as in normal PMS checks. 
Whenever a problem is detected, you should 
proceed methodically in locating the fault by 
testing first the most accessible eind vulnerable 
parts of the receiver. If the problem goes beyond 
operating personnel's loiowledge, or experience, 
it 'should be referred to appropriate repair 
personnel. Anytime a receiver is temporarily 
remoT/ed from its assembly for testing, it should / 
be thoroughly cleaned and inspected so that parts 
close: to failure may be detected beforShamL^^. 
Since^ receivers could "operate for many years 
with reduced sensitivity before a complete failure - 
occurs^^ the preventiife^^cLintenance schedule- 
for each receiver should be followed. In this 
section, we will discuss many of the areas as- 
sociated with receiver quality assurance. 

Assurance, Diagnosis, and 
the Decibel (dB) 

Until now, a very important term with ref- 
erence to quality assurcuice and systems diag- ' 
nosis has been omitted. That term is **deciberV 
abbreviated **dB'\ It is an important term in' 
that it is used in conjunction wiJJi man^ areas' 
of quality assurance and systems diagnqgls^^tkat' 
are of interest to the communications operator 
and supervisor. For example, during QA-cheeks 
in accordance with MRCs or technical manuals-, 
you will often find the gain of a particular amp-i~ t 
lifier stage expressed in dB. Many trouble ohlajcts'"^^ 
and reference levels listed in technical man- 
uals and Maintenance Standards Boolcs are giveja ' 
in dB. Therefore, it is important that you* afe 
an operator and supervisor, understand the ' 
definition of the term **deciber* and can^ equate 
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The international unit, the ''BEL", is a unit 
of gain" equivalent to 10 to 1 ratio of power gain. 
TbuSy tna gain in bels is simply the number of 
times that 10 is taken as a factor to equal the 
ratio of the output power of^^ amplifier to 
the input power. If, for exaiuple, the output 
power of an amplifier is 100 times the input, 
the ratio 'is 100 to 1, or 10^ to 1. The gain is 
therefore 2 bels, the number '•2" being the/ 
number of times that 10 is tfj^n as a base 
factor, as shown in the number "lO^", One 
bel is equal to 10 decibels/ and vice-versa. 
Therefore, the gain in decibels is 10 times 2, ^ 
or 20 deffcibelsb « , J 

Where the amplification factor of an amp- 
lifier is listed as a 1000 to 1 ratio amplifier, 
it may be written as 10^ to 1, or 3 bels, and 
the' gain in dB is 10 x 3, or 30 decibels.^ 



We 



Gain Ratio 


Factor 


No. of EELS 


No. of dB 


1,000,000 to 1 


10® 


6 


60^) 

( 


100,000 to 1 


10^; 


5 


50 


10,000 to 1^ 


10* 


4 , 


40 


1,000 to 1 


103 


3 


,30 


100 to l' 


102 


2 


^ 20 


10 to 1 


' 101 


1 « 


10 



It should be remembered that decibels can 
be expressed either positively or negatively. 
In other words, an amplifier that amplifies the 
input 100 times has an amplification factor of 
100 to 1, or 10^, or +20dB. Conversely, if an 
attenuator reduces the level of a signal by the 
same amount, it is said to have a loss of -20dB» 
Needless to say, anyone who participates in al- 
most any area of quality assurance and systems 
diagnosis requiring the use of equipment and 
systems technical manuals must have a basic 
knowledge of the usage of decibels. This is 
particularly true when receiver QA checks are 
undertaken, especially those dealing with sensi- 
tivity, selectivity, and bandwidth measurements. 



Jfiere the -gain of a stVge in a piece of 
comniTunicatiohs equipment is listed as being 
increased 10,000 times, that g^n is 10* to 1,^ 
or 4 bels. Therefore, the gain in dB is 10 x^4, 
or 40 decibels. 



As you can se^, the easiest way to deter- 
mine the gain in decibels is to multiply the 
base nximber of 10 by the number of times that 
it must^ be / multiplied by itself to equal the 
amplification factor; 10® equals 10 x 10 x 10 x 
10 X 10 X 10. It also equals 6 bels and 60 deci- 
bels. Table 8-1 shows the general relationship 
between dB and gain ratio. 

T\BLE 8-1 
dB and Gain Ratio 



Single Sideband Sehsitivity 
Measurements — ^ 



Sensitivity liieasurements of SSB receivers 
are determine^ ^in a manner similar to that 
us4d for other amplitude modulq^tion Equipment. 
However, certain cdnsiderations must be taken 
intfo account When measurements ai;e performed 
on this type of equipment. For example, the 
frequency stability requirements of^ SSB equi^ 
ment operating in the high frequency range are 
on the order of 0.2 to 2 parts per million. 
Frequency errors greater than 30 Hz can cause 
voice transn}issions to be unintelligible with 
certain signal-to-noise ratios. Intelligibility de- 
creases with an increase in frequency error, 
even with a high signal-to-noise ratio. When 
frequency conditions ar^ simulated for the sensi- 
tivi^ measurements, this same high degree of 
accuracy is still warranted. ThereT-dre, proper 
measurements for single-sldebandf ' receivers 
should include the use of test equipment de- 
signed for use with this type of commiwjbktion 
equipment^ or test equipment with an accuracy 
equal «^»to, or better than, the accuracy \o be 
mainwdned in the receiver. 



CW and FacsinHfcie Sensitivity 
Checks 



f: 



Sensitivity chedks and measurements ior CW 
(A-1) and facsimile (A-4) are essentially the 
same. In basic front panel setups for determin- 
ing their reception sensitivity, you should set 
the BFO to ON aiid the receiver audit) gain 
at msjdmum. If the tone control positions are 
not specified in the receiver technical manual, 
tone controls should be set for maximurn audio 
range. The signal generator is to bS ijsed im-- 
modulated. Following initial adjustments stated 
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in the technical manual or on the MRC, the 
carrier is then applied from the signal generator, 
and the input sigaal voltage is adjusted to pro- 
,duce a +20dB output, signal-to-noise ratio (100. 
to 1). The receiver sensitivity, in terms of 
input signal voltage, is then read from the sig- 
nal generator voltage calibration, ^Many ref- 
erence levels may ba used, bat the 20dB 
relationship should be maintained. 



Voice Modulated Sensitivity 
Checks 



bi determining voice-modulated (A-3) SQnsi-- 
/^tlvity, a carrier of 400 Hz mast be applied 
at 30 percent mpdulati on. Tii3 RF gain control 
should be set at maximum with AGC ON and 
the BFO OFF. All other pontrols should be set 
as indicated for CW reception with the ex- 
ception of the AF gidn control. Alter consulting 
the applicable technical m.inual or MRC card 
and the modulated output of the signal gen- 
• erator applied/ the receiver output should be 
adjusted for /a +10dB ratio of signal-to-noise 
(10 to 1), The receiver sensitivity is then read 
froij) the signal generator voltage calibration. 



FSK Sensitivity Determination 

In an FSK system, the receiver, frequency- 
shiftJce^djje circuitry, andthe teletypewriter must 
all operate^ satisfactorily to produce propsr copy 
In FSK operation. If the receiver checks satis- 
factorily for CW operation and sensitivity, only 
the additional switching for FSK receptibn and 
any special FSK filters located inside the re- 
ceiver could produce poor FSK operation so 
far as the receiver proper is concerned. There- 
fore, the receiver may be checked for FSK sensi- 
tivity by initially checking its standard CW- 
sensitivity. If this proves to be normal, switching 
to -FSK operation ^ill allow the output and 
audio levels to be checked to ensure that they 
nieet the requirements of whatever type of 
audio frequency FSK converter is employed. 



The output which the receiver produces for 
an IF converter in FSK operation may be checked 
with ein electronic voltmeter capable of good 
accuracy at thb IF anjd with a range of 0.001 
volt to at least 10 *volts. The receiver and 
converter technical manuals should be consulted 
for standards of receiver output in this case. 



Reserve Gain Determination * 

**Reserve" gain for all types of reception rti ay 
be determined^ measuring the ratio of noise 
output at stand^d gain (the gain condition used 
in measuring (Standard sensitivity) to noise out- 
pat at maximam gain, pi:ovided that maximun) 
gain does, not cause an output overload. 

It should be noted that there is also a gain 
variation with a change in freque/icy bands. The 
response to the input signal will not be the 
same from band to band nor will it be the same 
from point-to-point in the same band. This 
vaxiation pver each band may be determined by 
adjusting for standard gain (as for sensitivity 
nisasuremenfs) at tfeevhi^ frequency end of 
each band and then noting the input signal volt- 
age required at various frequencies over the 
band to produce the same input. 

Receiver Response Curves / • 

Evpry receiver has, a series of amplifiers 
' ^and detector circuits that both reduce ^the sig^ 
nal to an audio or IF level an4 oith^iiyAhat 
signal as neces^y. Each receiver- an^pUfier 
circuit lls^ made up of^separate electronic parts 
and, thoiigli similar, have operating characteris- 
tics all their own. (one of the characteristics 
of separate amplifier circuits is that no two 
amplifiers will amplify or respond to the same . 
signjil' in exactly the sam'e way. 

It is possible to determine the e?cact way 
that eacti amplifier inside a receiver will re-' 
act to a series of frequencies within the range 
of the receiver. It is also possible to obtain 
a^ visual ^^^ftfsplay of the reaction of separate 
toplifiers to the same frequency bands, thus 
determining their **re6pph8e^urves". 

A viexxsl response curve may ,^be produced 
by applying an outpuj/ signal from an FM signal 
> generator to the r^eiver circuit being checked 
and employing an oscilloscope as an outj^ut 
indicator, (see^imire 8-4). The FM signal from 
the generator will usually vary at a 60 Hz 
rate about a center frequency. 

The original FM. signal^s changed in passing 
thorough the ^amplifier so that the output signal 
from the amplifier consists of an FM signal 
which ip amplitude modulated. The resulting 
^'envelope*' appearing aPthe output will, appear 
on the oscilloscope screen, but only after being 
**d3tected'\ because tl?e output of the amplifier 
is varying at an RF rate and caimot be seen. 
Ho vever, after detection, only the modulation re- 
mains, and .this appears on thj^ oscilloscope in 
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Figure 8-4. — Equipment arrangement for deter- 
mining response curve. 



the form of the rejsponse curve of the amplifier. 
(See figure 8-5). The detector polarity deter- 

' mines whether a positive or liegative output 
occurs on the visual presentation; the output 
response curye will appear inverted, if the out- 
put is of negative polarity. However, the re- 
sponge curve may be used in-^hichever position 
if^s^p^nxe at the output of the detector. Since, 

.for equaJ' deviations, the positive and negative 
portionsTof the envelope are symmetrical, it is 
necessa^ to observe only one; side of the En- 
velope./ ^ 

Receiver Selectivity and 
Bandwidth Measurements 

fi^ectivity is the property wl^ch* enables a 
.receiver to tliscriminate against* transmissions 
other than the one to whicl^t is tuned. The 
term **overall selectivity'' usually refers to the 
frequency sQ l e otivity of a receiver as measured 
from (and including the antenna^ to *the , input, 
of the final detector. It does not normally in- 
clude any elements of thfe audio signal because 
most of the selection and rejection of input 
already been accomplished by the 
.a^udid stagQS have been reached. 
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76.1M 

Figure 8-5. — Typical amplifiey response curve. 
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Th^-bandwidth of a receiver defines the fre- 
quency «range over Vhich the ampliflca^on is . 
relativelj^ constant. For most receiverst the 
bandwidt)i represents the usable portion cf the 
modulated intelligenceT Selectivity and bandwidth 
measurements can be made witH similar test 
equipment and connectioust . such as those shown 
in figure 8-3. Automatic v6lume control is nor- . 
mally turned OFF . and .the vQlume control is 
set to maximum for thea3< measurements. The 
signal generator is set* at the receiver f re- s 
quency and medicated in accordance with test 
instructions. The RF gain contarol'^ should lie' 
adjusted for a convenient reference level on the 
voltmeter, or as specified. The signal generator 
output i@ then varied in accordance with test 
instructions. It is emphasized that test pro- 
cedures may vary accordyig to whether the 
receiver is 6onsidered a *'narrpw-tband'* or a 
**wide-band" receiver^ ' fiind technical manual 
step-by-step procedures should be very care- 
fully followed. i ' ^ J 

Cross-Modulation Test \, ^ 

f 

A cross-modulatipn test is, in a sense, a* 
selectivity test. However, it has the advantage 
of determining the effect of interfering'' sig- 
nals with. th6 automatic volume and gain con- 
trols fn^ operation, which is tiie situation that 
will noriftally be encoujilered during receiver 
operation. This- test requires the use of t\Vo 
signal generators. One signal generator is set 
at the f requeifcy to which the receiver is tuned, 
while jthe other is -tuned away from the test 
frequency in order to repr^ent the fnterfering, 
signal. (See figure 8-6.) This technjflue has the 
advantage of simulatingj- the conditi^ that existi^ 
when the receiver is * tuned to a station close 
to another strong signal that interferes with , 
primary communications. It is a valid test be- 
cause practically all receivers must be abldf to 
properly function with interference in the crowded 
frequency spectrum. ' 

f The cross-modulation test gives no in59trpa- 
tion concerning the attenuation of a djpsired 
^signal in the presence of a strong ijnterfering 
signal, 'this type of apparent signal \oss occurs, 
when the combined strength of ttie desired sig- 
nal and the interference, is sufficient to cause ~. 
overloading of the receiver, or, in the dase of 
a poorly designed automatic-volume control 
(AVC) network, to cause a reduction 'of the 
output. Therefore, irt conjunction with the cross- 
modulatiori test, we have what is referred to as 
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Figure 8-6. — Typical equipment/arrangement for a crosi^^modulation test 
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a.**blocking interference'' test. A blocking inter- 
ference test uses the same basic equipment 
configuration showBi in figure 8-6. Basically, 
this test is plo^dv^^on an output versus' fre- 
quency graph using )the outputs of signal gen-: 
erators 1 ahd 2 from' the cross-modulation 
test. Generally speaking, the strWghter the Unp 
on the graphic plot, the less .the attenuation, 
(See figure 8-7 for a typical blocking- interference 
graph). 

^Squelch (Silencer) Circuit 
Measurements 

frequency rieceiver circuits inherently 
have* a high noise level when no signal is being 
yecpived. During, commtinlgations, where a re- 
ceiver is tuned to a specific frequency for long 
stand-by perlpds in anticipation of signals that 
may appear at any time, the continuous roar 
of noise is highly annoying to anyone dn the 
vicinity of the receiver. Tharefgre, it is de- 
siraMe that a squelch (or silencer) circuit be 
incorporated to silence the audio output during 
these periods when no signal is being received. 
The squelch circuit works in conjunction with 
the audio amplifier to block the received inter- 
ference in the form of noise or low-level sig- 
nals from' interfering stations. 

~The ftceived signal level necessary to op- 
erate the squelch circuit in a receiver is called 
the receiver's **squelch characteristic", in an 
AM receiver this characteristic may barter- 
mined by first making the equipment connections 
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Figure 8-7. — Typical graphical plot « results 
of a blocking interference test. 



shown in^figure 8-3. The signaTf^nerator should 
be set to i^O percent modulation at a frequency 
of 400 Hz. With the signal generator RF outf 
put set for zero, the receiver output should be 
noted; it*:Should be essentially zero. Gradually, 
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tl^ signal generator RF output should be in- 
creased until the squelch circuit operates. Op- 
eratioft of the squelch circuit is indicated by 
a, sudden increase in the radip receiver output. 
The RF output of\the signal generator required 
for the operation of the squelch circuit may be 
recorded as the squelch characteristic of that 
receiver. 

Tuning Dial Calibration 

Tuiiing dial frequency . calibration can be 
checked against any known standard, such as 
WWV or WWVH. Some receivers have built-in 
Crystal calibrators which give signals spaced 
'throughout the range of the receiver. A 
heterodyne frequency" meter may also be used, 
the output 'of which may be fed to the receiver 
antenna terminals. With any of these means, 
tha^tunlng dial error should be carefully ob- 
served. l£ the error is excessive (more than 
^1 percent) and shows a definite progression 
with frequency, the receiver may require re-, 
Gdignment. 

<,^trm-up Frequency Drift 

^^TfSgTOQgy;- ^v^g^i3^''Jt^©h'''pbci|r^;while the 
is' warming up maj^ be measured by 
setting a heterodyne frequency meter to give 
a 1000 Hz beat note output from the receiver in 
the CvV mode of operation. This is done as 
soon as the rece^Wr—tB- turned on. The|i, as 
the receiver drifts, the frequency i^eter is re- 
adjusted to produce this same beat note. When 
the output frequency becomes essentially stable, 
the total frequency drift is indicated by the 
difference between the final and original fre- 
quency settings of the frequency meter dial. 

COMMUNICATIONS TRANSMITTER 
TESTING 

Because ,;of the necessity to match the out- 
put of transmitters to their respective antennas, 
the operation of a transmitter is usually more 
complex than that of a receiver. Like receives, 
there are many tests and nvaasurements to be 
made in order to ensure the proper operating 
condition of trEuismltters. Most of these checks 
are on a maintenance level Eind are performed 
by qualified repairmen. However, there are 
some tests and checks that operating person- 
nel can make in order to ensure continuity of 
communications. Most of these tests Euid checks 



kre covered by the PMS requirements and are 
fairly stEindfiLrd. \^ 

Because of the power involved when a trans- 
mitter is operated, the most vulnerable part 
of its operating circuits are the vacuuyn tubes. 
The operating procedures for most radio trans- 
mitters call for continuous tuning and retuning, 
and PA stage tube currents are usually meas- 
ured by meanB of front panel meters. By peri- * 
^dically^ ijpcaj:ding these outpvtt readings, the 
cumulatiVts redord bears the same relationship 
to the trans;iiit6^r that a sensitivity check dol^, 
to the receiver. Whenever the emission of a tiibj ^ 
falls to 80 percent of normal rating, it shbulo/^ 
be' replaced. Large PA tubes also have a tend- 
ency to' fail when , stored for long periods of 
time. Thsrefbre, they should be rotated with 
tubes of the same type in spare storage so 
as to maintain three sets of large tubes in 
good condition at all times. - 

Ventilation and dust concjitions present a 
greater problem tp transmitters than they dp 
to Weceivers, primarily because there is" more^^ 
hedt to be dissipated. Dust forms a film which 
absorbs moisture and lowers the insulation re- 
sistEuice of circuit Components. In so doing, a 
''flash-over" or ''arc-over*^ poir^t of potential 
can develop between two components closely lo- 
cated to each other. This arc-over is in the 
form of a charge of electrical energy flashing 
from a negatively charged point of electrical 
potential to the less negative point (the point 
now covered with moist dust). Therefore, clean- - 
ing periods must be initiated £Uid regularly fol- 
lowed. These periods will vary for different 
locations. Insulators must be wiped, corroded 
metal parts cleaned, and arc-overs repaired. 
It is possible to detect poor contacts by inspiBct- 
ing for evidence of overheating. When overheat- 
ing is found, these contacts must be thoroughly ^ 
cleEuied; It is also important th^t transmitter 
antenna connections be regularly inspected and 
cleaned. 

During periods of radio silence, the proper 
tuning Xff tr£uismitters;jjpresents a problem be- 
cause, an appreciable amount of RF energy must 
be prevented from radiatihg. By previous tuning 
of tfte trguismitter through a ereat number, gf 
operating frequencies with accmrate logging of 
all the dial readings, the need' for operation dur- 
ing radio silence is eliminated. Many technical 
manuals also have a li«ting^ approximate front 
pEuiel settings that cojrre spend to transmitter 
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frequencies, Normallyt through intelligent inteV 
polaticmt between-frequency . settings can be 
plosaly arrived at* 



Frequenoy Measurementi] 

TransiDitter frequenpy xneasurenients are 
necessary ibr reliable lopdration and compliance 
Wiib con>n)\uiication8 regulations. These regula- 
' tioi^ concern self-generated multiples of the 
selected Irec^noy (called harmonics) » sidebands^ 
and tolerances allowed for the assigned fre- 
quency oMransmisslon. 

A method of frequency measurement oprh- 
monly used in transmitting spaces is theap- 
pllcfettion of installed frequency standsurds. 
Normally* these installed standards are a 
combination of a series xxt^ery stable oscil- 



(i^tput Power Measurements 

Manyy feel that reduction of'power^oes not' 
necessamy decrease' the '^operating range sig^ 
nificantlyv\ Therefore* the precise measurement 
of power is unnecessary. ^his is a false as- 
sumption., A change in the /^MDwjefNputp^ ma^ 
result "^from altered operatmg: cona|^ions that 
are capable (rf causi^ff an eventMal equipment 
breakdown unless remeaied. Additionally, powdr 
measurements are often the surest way of deter- 
mining whether the overall performance of a 
transmitter is n ogga l and in general accord 
with the specificflp|||s of the mani^y|^er. 

In the MF to VHF rangk in communlcatimis* 
relative power output readings may be obtained 
from the front panel meters that are part of 
the equipment itself. These meters may be in 
the form of RF wattmeters or in the form of 



lators that may be hooked up to^e transmitter^ current meters and voltmeters in the tinal 



as convenient frequency reference's. Often, one 
frequency standard may service all receivers 
and transmitters located inl a communication 
Space. This piece of equiprbent n^ay also be 
referred to as a standard frequency generator. 
A good example of a standard frequency gen- 



I^A stage. Also, the transmitting antetma tuning 
unit normally has an RF wattmeter located^ 
its front panel. Comparison between the trans- 
mitter and tuning unit wattmeters may refleSt 
a difference between the output of the trans- 
mitter and the Input of the antenna. When finld 



erator, normally installed as a reference fre^"*«»*^A stage voltage and current relationships are 



quenw;;:^landaxd, is the AN/URQ-9 ^hown in 
figurSTs-S. The reference frequencie(S are pro- 
vided nkrough the output Jacks located on the 
front piiriel of the standard (lower-left of fig- 
ure 8-8). Patch cords can be connected between 
these JaclcB and the input Jack desired on the 
transmitter front panel. From there, the-'f^^e- 
quency selected frpm the AN/URQ'^a.:^ftn be 
us^d as a referei^ in conjunction with what- 
ever transmitter oscillator it was intended for 

Another method of freqirency measurement 
is the ^'heterodyne frequency meter method", 
'phe method employed is similar to that used to 
"^ro-beat" a receiver for calibration. Bas- 
ically, the frequency to be measured ^ "beat" 
^agaiJ^st the output signal of the frequency meter 
internal oscillatoi:. Many heterodyne meters also 
include an antenna ^lor receiving a ra^ated sig- 
nal. ' Assuming, that the instrument is placed 
near enough toHha source of the signal whose 
frequency is to be measured, this provision 
eliminates the ' need for a direct N^onnection 
between the frequency meter Md th^ source 
|o be* measured. Using^this metfcjb, set-up and 
operation instructions must be explicitly followed 
and the calibration consulted for p1:oper Inter- 
pretation of the frequency mater results. 



used, the formula for power (P 
used. ' 



IE) mustj^ 



Another check for power output of some 
communications transmitters is obtained ffbm 
direct r'eacjings of ammetprs, calibrated to ihdi- 
cate pow^. Thls'^typ^ of .ammeter is connected 
In series wijth the antenni output terminals ^d 
will giv^ an accurate Indication only when tJie 
antenna impedi^ce Ae at a value for whic^ 
the meter ' has »en calibrated. An application 
of this method is, to substitute a dummy an-, 
tenna for the anjemia proper*. If the meter is^ 
calibrated to Indicate current or voltage, power 
can be accumtely determined by the relation- 
ship: P = PR or P = E?/R, where:=- 



Power output 
R = Resistance of the dummy antenna 
I = E:ffectlve current 
E = Effective voltage 



Power measurements in the UHF and VHF 
ranges use Indirect measurements. These meth- 
ods normally convert RF energy mto another 
form of ene^ijy, such as light or h^at. (Direct 
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Figure 8-8. — AN/URQ-9 Frequency Standard. 



tnetl;kOd8 of measuring RF power are not ef- 
fective at the higher frequencies.) One in^lirect 
tnethod is the **lamp-load'' method. This n^jethod 
involves the use. of a series of incandescent 
lamps as a dumf^y antenna for the transmitter 
(8496 figure 8-9). 

As power is applied Trom the transmitter, 
the lamp bank will beprin to light brightly. An 
illumination meter is arranged so that it can 
measure the. brilliance of the lamp bank. Then, 
the lamps are disconnected from the transrxjtjpfer 
output and connected to a variable a.c. or d.c. 
power source. This variable source is used to 
U^t the same bank of lights to the same bril- 
liance. A wattmeter may then be connected to 
determine the required power necessary to bring 
^Ihe lights to the same brilliance .AThis power 
IS equivalent to the transmitter ^output. The 
impedance of the bank of lights should match 
the output impedance of the transmitter. Also, 
the wattage rating of the lamp load must be 
greater than the power being measured. 

Transmitter Neutralization 

Transmitters normally use rather lar^ vac- 
*uum ^bes in the RF amplifiers of the output 



stages. These vacuum tubes normally operate 
at a high level of efficiency and accomplish the 
desired result: Reliable communications. How- 
ever, in every RF amplifier vacuum tube, an 
iijherent problem* exists that must occasionally 
be minimized. This inherent problem is known 
as **interelectrode capacitance'*. Interelectrode 
capacitance is the unwanted capacitive react-, 
ances caused inside the vacuum tube by the in- 
ternal elements of the tube itself: The cathode, 
grid, and plate, as well as the other elements 
in multielement tubes. 

/ks the operatUig freqijj|ncy of an RF amp- 
lifier is raised, tne interS»ptr ode capacitance 
bec6mes large enough to cauise a feedback sig- 
nal that is degenerative in its nature. This 
degenerative feedback can reduce the effective- 
ness and efficiency of the amplifier tube and, 
therefore, the transmitter itself. The procedure 
used to correct this inherent characteristic of 
vacuum tubes used as RF amplifiers is known 
as**neutralization'\ Neutralization procedures are 
normally discussed and described in detail in 
the transmitter technical manual. There are any 
number of neutralizfition techniques involving jusf 
as many types of test equipments that may be 
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Figure 8-9. — Block diagram of lamp-load 
method of indirect power measurement. 



used to carry out the process. These test speci- 
fications should be followed on a step-by- step 
basis; otherwise, the process will not be valid. 

TELETYPE SYSTEMS 
TESTING 

Teletype systems serving i fleet and shore 
establishments include shipboard and station 
equipment operating in conjunction with wire or 
radio circuits or a combination of both. Com- 
paratively simple facilities may be characterized 
as teletype circuits rather than systems when 
the teletypewriter stations are directly con- 
nected. A system is made up of numerous com- 
ponents, including station local lines, main 
trsinsmission and retransmission circuits, mul- 
tiplexing, terminal and repeating equipment, 
switchboards, and branch circuits extending to 
ouj^ying localities. 

Messages may be sent directly ffom a sta- 
tion to one or more distant stations over fixed 
circuits or over circuits involving one or more 
switchboards. Messages may also be relayed 



] 

autgnbatically, semiautomatically, or manually 
from one circuit tp another,, tjiat is, received 
at an intermediate point "and\ retransmitted to 
one or more points. Teletype circuits may also 
hfe used for interchtitiging information in a con- 
versation^ manner. 

Radio teletype systems involve a long" series 
or>.Qhain of individual equipments, eaph of which 
must be fe^t at peak efficiency to produce Sat- 
isfactory q^ghsttion. Antennas and frequencies 
must be wisely cfibsen,^j:eceivers must be op- 
erating at peak efficiency and well tuned; and 
converters must be operatftig perfectly. Tele- 
type transfer panels iDust be understood and 
adjusted for proper line conditions. Teletype 
machines must be kept in top mechanical con- 
dition. 

Radio teletype has proven to be a time 
and labor saving device. The greatest ,speed 
is obtained by the use of tape transmission 
which provides h steady flow of message traffic 
at a constant 60 words (or more) per minute. 
This is far above manual circuit operator speed 
and capacity. As in other systems of message 
handling, standard^ of quality have been estab- 
lished to provide dependable service. The stand- 
ard measure of message service quality is 
the number of errors per given period of time. 

Radio teletype is subject to distoi-tion due 
to propagation conditions. Weak and fading sig- 
nals, however, may be copied with good quality 
by intelligent selection of antennas, careful at- 
tention to proper adjustment of receiving^equip- 
ment, and correc.t usage of converter/comparator 
equipment. Teletype machine dependability is 
controlled to a great extent by th^quality of 
the preventive maintenance applied. 

Under favorable conditions and service, a 
steadily used machine should perform for six 
months or mord without a breakdown,^ Normal 
wear to moving parts will ^entually force the 
machine to fail if it does not receive ah- over- 
haul after this period of use. ( 

Signals^ are produced by the operation of a 
teletypewriter keyboard similar to that of a 
typewriter, and the corresponding characters 
are typed in page form or on tape by printer 
mechanisms at both the sending and receiving 
stations. Signals may also be sent by the use 
of a punched tape prepared by another device 
called a * 'perforator'' which has a keyboard 
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thftt is'\lso similar to that typewriter. 
Signals received from a transmitting station 
do not nedessarily have to be printed in page 
form; they may Jbe priuted on a pocf orated 
paper tapd by nijj^ns of a typing reperforator. 
Some typing r.ep^f orators are furnished with a 
keyboard '^sS' that it may be'* used for the trans- 
mission of messages, especially for tactical 
communications. The paper tape is uj^ed to prb^ 
vide a communications teletype sigrml \}y feed- 
ing it through a device knowit to comfmunications 
nersonnel as a ' •transmitter-distributor". The 
Rjllowing is a discussion of basic teletypewriter 
testing. 

Teletypewriter Operational Speeds 

There are four conmion teletypewriter op- 
erational speeds which are expressed in words 
per mii^te (VVPM) or operations per minute 
(0PM). Tlie operations per minute are exact 
ratings since they are ^ based upon the time 
intervals required to send the various intelligence 
pulses contained on a teletypewriter tape. The 
"QPM are 368, 404, 470, and 600. Their cor- 
responding WPM are 60, 66, 75, and 100, re- 
sepectively. Presently Navy teletypewriter 
equipment operates at speeds of 60, 75, and 
100 WPiM. 



Teletypewriter Signals 

Signals originated within the teletypewriter 
are transn)itted in the form of d.c. pulses 

^called "marking'' and ''spacing" in)pulses. Bas- 
ically, a marking pulse occurs whenever currejit 

^is' flowing and a spacing pulse occurs whe-iever 
no current is flowing. The alphabet, figures, 
and functions of a teletypewriter correspond to 
a particular sequence of punched perforations in 
a teletypewriter tape. Therefore, whenever an 
operator depresses a teletypewn:*iter key, a me- 
chanical selection of punched perforations cor- 
responding to that 'key is selected. Figure 8-10 
shows a perforated teletypewriter tape corres- 
ponding to the various keys that may be de- 
pressed when a teletypewriter is operated. Also 
shown are the corresponding upper-case functions 
for communications and weather teletypewriters, 
(far-left of figure 8-10). Holes in the perforated 
tape correspond to marking impulses; whereas, 
no perforated holes correspond to ^e spacing 
impulse. As shown in figure H-IO, a 5-unit code 
is used for each character. For example, the 
letter "A" consists of two holes and three 



no-hole functions. Therefore, the letter ''A" al- 
ways has the first two units of the code per- 
forated arid the last three nonperforated. The 
small holes between the 2 and 3 units are 
* * sprocket' ' holes de signed to allow the tape 
to be mechanically fed through a transmitter- 
distributor. The length of tifne between each 
pulse is 22 milliBeconds. 

A/ further inspection of figure '8-10 reveals 
that (vwd additional impulses are transmitted with 
ea5h clfearacter. They ate the **start" and^stop*' 
ihipulses. Notice that the start impulse is al- 
ways, spacing (no-current is flowing) and that the 
stop impulse is always'^marking (current is flow- 
ing). The start impulse allows the relays in 
the rec^ving printwig mechanisms to start trfiuis- 
lating the coded impulses at the same time that 
trhe transmitting mechanism sends the selected 
character. The stop impulse, on the other hand, 
ensures "that all receiving mechanisms stop 
their rrtechanic^LJoperations at the same time 
that the transmitting teletypewriter has finished 
sending its coded signal. . 

Types of Transmissions 

There are two general types of wire tele- 
typewriter circuits: d.c. and carrier. The d.c. 
type of circuits are used for the shorter dis- 
tances,' including extensions within stations and 
branch ^ircuits to outlying communications 
spaces. Carrier teletypewriter circuits generally 
comprise the transmission circuits for long jtnd 
medium distance communications on land lines, 
^ire teletypewriter circuits generally will fur- 
nish dependable and accurate service if reason- 
able standards of circuit layout and maintenance 
are adhered to. Although y-adio transmission 
provides a high degree of flexibility for point- 
to-point communications from a station to any 
one of a^large number of stations, wire tele- 
typewriter circuits are overall more dependable 
because they are not subject to the variable 
conditions in the atmospheric medium and the 
possibility of accidental or intentional jamming. 
However, remember that wire-lines are im- 
possible between fleet and shore activities. 
Therefore, radio-teletypewriter is more prev- 
alent in naval conmiunications than wire. 

In radio teletype system transmission 
impairment may occur in the form of displace- 
ment marks and spaces (time distortion), ^in 
variations in strength of received signals,, and 
in occasional obliteration of the received sig- 
nais by interference. For operation in the HF 
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Figure 8-10.— Five unit start/stop teletypewriter code. 
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rauige over radio circuits using sky-wave trans- 
mission, it is generally desirable to use diver- 
sity operation. Thus, signals may be received 
simultaneously at two or more locations sepa- 
rated by several wavelengths (space diversity), 
or each signal may be sent and combined at 
the receiving station (frequency diversity). Where 
space is a limiting factor, two different adjacent 
antennas, such as vertical and horizontal, or 
differently oriented horizontals, may give some 
improvement by providing what is known as 
**polarization-diver8ity\reception. 

The limiting length of a teletypewriter cir- 
cuit, either wire -^or radio transmission, is 
considered to be thaTppoint at which a signal 
becomes so weak th^:^ is incapable of actuating 
the receiving appai^tus properly, when (^stortion 
of the teletypewriter pulses excefesive, or 
when the received signal strength is too low 
to ov^ride the interference. Usually, circuits 
are ^xtended by inserting ''repeaters** before the 
iimimng length is reached*. These repeaters 
autotlatically retraiismit the r^aoivjd ^t^als In 
practically perfect form if they have not suf^ 
fered a large eimount of distortion which woulav 
cause errors in the teletypewriter copy. 

LBasic Keyboard and mpe 
Transmitter Tests \ 

/ 

V^vSince all teletypewriters respond to the same 
funSbtions and operations, they can all be^ tested 
for specific operations. However, you must bear 
in mind when performing basic checks that the 
response of the varipus units comprising tt!le- 
typewriter systems is different from unit to unit 
for the same test or function. 

Observation of teletypewr\^r equipment dur- 
ing operation is usually the'l^iaQ^t test performed 
on all units. For the keyboard, printer, and 
tape transmitter, transmitting with the receiver 
converter-comF)fitratctr set on '*tune*' will pro- 
vide a closed,^ continu9US loop for testing pur- 
poses. A taoe should be patched into the testing 
channel with the\ape tra^niitter instead of using 
the keyboard. Tape transmitters generally op- 
erate .at a coijstant 60 WPM and pro.vvde a 
ore rigld'test of the receiving priator. 
TaBt t^pes may be prepared on the keyboard 
of a rep^ifforator machine and connected end-to- 
end with transparent tape to provide a continuous 
test signal. Many good texts are a^k^l^ for 
the test tape, the chief requir^ientfp^ing that 
it contains all the functions and characters usod. 
The letters ''R" and "Y" are comm^only used 



as the test text because they require the se- 
lector unit to reverse all its codefpulse com- 
ponents. 

using the keyboard of a teletypewriter As 
a good test but not a conclusive one. For eXs^ 
ample, if the motor of the machine is of the 
governed type, it will be possible for the speed 
of the motor to be too high or too low and still 
work with its own keyboard. Both are kept in 
synchronism "by means of the main shaft gears. 
If a machine will not copy an incoming signal, 
check the machine first with its own keyboard. 
If it passes this test, try sending to itjroro 
another machine or tape transmitter known to 
be in good condition. If it passes this test, 
the machine is operating satisfactorily, and the 
incoming signal or the keyer'in the converter 



is 



at fault. If it fails ^ither test, the machine 

He nttAntinn. / 



needs attention 

Range^ Selection 

A good test for^^^etermining the **range'' 
of a teletypewriter is performed with the letters 
**R" and ''Y". The Yangefinder pointer is al- 
\ways located on the f^nt panel of the machine 
ih\ clear view and marl^ed. Alternately print the 
letters R and Y while slowly moving the range- 
finder pointer toward the lower end of the scale 
until\ printing errors occur. Note the position 
of tHe pointei^^ Check the" upper Umit of the 
range by movinj^ the rangefinder pointer toward 
the up^^r end of the scale until errors are 
printed. Note the position of the pointer again. 
Then set tjie rangefinder at the midpoint of ) 
these two es^emes. Print the '*test sentendi^** 
or text to check the selection process. The 
range under local test conditions 'w^th a well 
^ adjusted teletypewriter shcm^d be 80 points;' ^ 
' however, a 70 point range is acceptable. » 

TELETYPEWRITER DISTORTION ^ 

Fundamentally, there are three types of dis- 
tortion which a4,versely affect the fidelity of 
teletypewriter signals. These are bias, fortuitous, 
and characteristic ,distortion.'''^^U^re 8;:11 il- 
lustrates these an(i other i^rms of distortion. 
They" are defined as ^omows; ' 

(1) Bias Distortion - The uniform lengthen- 
ing or shortening o^ the mark or space ele- 
ments, one at the expense of the other. 

(2) Fortuitous Distortion - The random dis- 
. placement, splitting,' ahd/or breaking up of the 

njark and space elententU. ^ 



/ 
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iFlgure 8-11. — Components of Teletypewriter 
^ Distortion. --^ 



(3) End Distortion ~ A special type of tele- 
graph signal distortion created foresting pur- 
poses. It has the effect of advancing or delaying 
the end of each marking impulse with resitect 
to the beginning of the test cycle. 

(4) CharacteristTc Distortion - The repetitive 
displacement or garbling peculiar to specific 
portions of a signal. There are two types of 
characteristic distortion. Line charao^ristic dis- 
tortion and equipment cjiaracteristic distortion. 

i 

(5) Systematic Distortion - Periodic or con- 
stant distortion, such as bias or characteristic 
distortion, wh^ is the direct opposite of fortui- 
tous distortioii. 

(6) TOtay Distcfrtion - The total of all forms 
of slgnalVijBtorti^n is ^cumulative and is known 
as total ©stortion. A signal in one Unk of a 
teletypewriter transmission system may have 
.one> kind of distortion at that point and another 

^Klnd of distortion in another link of ^e system. 
However,, Jthe signal coul'd actually, have less 
distortion at the distanr receiving ^oint du6 to 
the canceling effect of the various types of 
distortion upon each ofher. 

. You can determine the amount of distortion 
that the teletypewriter selector unit can tolerate 
by using a common signal distortion tester designed 
specifically for this type of test. If. the test 
set or teletypewriter is equipped with governed 
motors, the motor speed must first be adjusted. 



set to transmit either 
justable test set then is set to the desired 
percentage of bias and end distortion; this 
control is usually set for 35 percent. 

V 

Causes and Effects of / 
Bias Distortion " 

It is Important that the radio operator or 
supervisor realize that bias distortion is the 
UNIFORM lengthening or shortening of the mark 
or space element, one at the expense of the other, 
as shown in figure 8-12, parts A through E« 
These show that the total time alfocatedlto one 
mark and one space 'never cjfcianges, onW J^e 
length of the 'mark or space element changes. 
If the mark is lengthened, then the space will 
be shortened by the amount that the ipark Is 
lengthened. If the above described distortion of 
the mark or space elements are not uniform 
and repetitive, some other form of distortion 
is taking place. ^ , 

Bias distortion can change from one hour 
to the next oif with one adjustment of the equip- 
ment to anotl^er; however, there are only a 
few places in a teletypewriter transmission sys- - 
tem capable of producing bias distortion. A 
detuned receiver ^will produce either marking 
or spacing bias. In addition, any drift in the 
transmitter or receiver frequency control equip- 
ment may produce this diatortlon. 

Changes in speed oi sending equipment, 
thougjf detrimental to the^ fideliiy of (the tele- 
typewriter signals, cannot produce bias distortion 
even thougl^ certfflri types of distortion measur- 
ing Equipment will Indicate bias distortion when 
spQ^d contFj^l is the real problem. Whenever 
transmission speed increases or decreases, the i 
mark-space elements will be, ^changed equally f 
in "'length; therefore, the bias distortion could 
be zero-bdt Jthe total time for one mark and.on^ 
space will be. shorter or longer. 

^ There several ways of calculating bias 

distortion. The method most often used is the 
ratio betweeii the normal mark or space and 
the amount the mark or space has been length- 
ened or shortened. This means that ifvjhe jnai^k 
element is one-half longer than it should be, 
it would be considered a fifty perpent (50%) 
marking bias; at the same moment, the space 
element would be shortened fifty percent (50%). 
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Causes and Effects of 
Fortuitous Distortion 

Fortuitous distortion is caused by many 
things: Fading, mulUjiaih transmissions, atmos- 
pheric noise, power ^line induction, battery 
fluctuations, poorly soldered electrical joints, 
lightning, djcrty keying contacts, and many^other 
random disturbances. 

Part FN?f figure 8-12 Is an example of 
fortuitous distortion. Clearly, the various ele- 
ments of the signal are not uniformly length- 
' dned or shortened, as was the case for bias 
distortion. The displacement is random and un- 
even and will have no discernible^ pattern. 

Causes and Effects of 
Characteristic Distortion. • 

. A definite amount of time is requii^d for the 
line current to change ' from a marking to a 
spacing condition or vice versa, in a teletype- 
writer wire circuit. The^time required some- 
times is greater than the n^inimum time interval 
between transitions (the end of *one" character 
and the ^beginning of the next) in the signals. 
Some transitions then must occur while the 
^current is still in the process of changli% from 
the previous transmission. 

' Line charapteris^c distortion Is basically 
the distortion j/aus^d when the length of the 
received signal imj^ulses are affected l^y the. 
presence "of changing current transmissions in 
#wlre cl;:cuits. The amount of lliie characteristic 
distortion is dependent upon th^ m#gftj^de of 
the condition. When the received imo«rfses are 
shortened due to line characteristicAiistortlon, 
the condltioh is luiown as '*jiegatlve/ line char- 
acteristic distortion^ When the recbliedlmpulses 
arer^ lengthened due to line characteristic dis- 
tortion, the condition is^known fas ".po^ltiV^" 
llri^ characteristic distortion. This line ^ar- 
acterlstlc distortion is sometlfi^es revealed as 
marking or spacing >bia'B on .^ome^d^j^ortion 
measuring equipment because it produces an ef- 
fecf similar to bias. The most reliable and 
effective way to eliminate line characteristic 
distortion irr^%are circuits to operate the 
circuit with\ wh\t is refefro^ to as "polar'' 
Operation. In a teletypewriter Vlrcuit, this means 
•that a m^arking impulse occurs^ whenever cur- 
rent flovshs in one direction and\L spacing im- 
pulse occurs whenever' it flows in'^the opposite 
direction. This minimizes the time lag due ti 



the current to no-current transmission for marks 
and spaces. Instead, we have a current-to-current 
relationship, only of opposite polarity. 



The contrasts between line characteristic dis- 
tortion and the distortion caused by btes are as 
follows: " ^ 



(1) The effect of lijie characteristic distortion 
depends? upon the length of the Impulses trans- 
mitted. The effect of bias is independent of the 
length of the impulses. 

(2) Fdr a given length Of impulse, the effect 
of line^ characteristic distortion Is independent 
of whether it is a marking or spacing Impulse. 
The effect of bias i^ always opposite on a mark 
to what it Is on a space. 

(-3) Line characteristic distortion Is related to 
the amount and arrangement of the capacitance, 
inductance, and resistance of a wire circuit. 
Except in neutral operation, these factors do not 
affect bias. 

• (4) Bias Is caused by unequal marking and^^ 
spacing line current, conditions which do not - 
affect line characteristic distortion. 

(5) Line characteristic distortion noripally 
varies pnly a small amount from day to day 
on a wire circuit. Bias may yary from hour 
to hour. I 

^Equipment characteristic distort4n is the 
repetitive dlspl^<5ement or di'sruptiQil peculiar 
to specific pbruons of a signal and is normally 
t( caused by maladjusted or dirty coptac^s of the 
sending and receiving * equipment. An example 
would be the repeated splitting of the third 
code element /Of a teletypewriter signal, illus- - 
trated In part 5 of figure 8-12. 
■ ^ ' - . " - ' r. 

It Is, Important that,^ communications op- 
erator or siJper visor be able to separate char- 
acteristic . distortion from other forms of 
distortion^ If It ca^ be established that onl]r'' 
a certain portion cj^ portlo^^s of the signal is 
disrupted;^ he can inypediately eliminate the 
>«^tire system between the. sender an^tgcelver 
/and know that the sending equipfnent is 'the 
cause of the diftortion. ^ 

By comparing part A with part G oTfigure 
8-12, it can be seen th^^t the signal Is suffering 
from a split -element on the third code element. 
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If this happens repetitively, It would be classified 
as equipment characteristic distortion. If it-^ 
happens only once over an extended period, it 
would be fortuitous distortion; On suitable dis- 
tortion measuring equipment, part G would be 
displayed as two transmissions in this element; 
' one approximately 50% late and, another about 
659^1ate. Equippment characteristic distortidhcim 
be introduced into a system at the sending end, 
reputing point, or receiving point. 



Causes send Effects >^of 
Speed Pt'oblems 



/ 



In start- stop teletype\\^iter transmission, 
th^e is the problepi of synchronizing ttie speed 
ol the feceiving equipment with tbe speed of the 
sending equipment, character by character. It 
yis for this.rwLSon that ilk teletypewriter stops 
Vat the "end of/each character. Many meter-type 
/distortion 'measuring equipments will read speed 
problejpns as bias distortion; however, bias and 
speed distortioa/are two different entities^ If 
a signal 'is- caased to be sent at a faster ,<^r 
slower speed, i^ does not mean that the sig- 
nal is biased. It means that the total time for 
one,^mark and one space is shorter or longer, 
but thejtr r^ark-space. rati=^s unchanged. 

Sp^edi^ o| teleprinter signals can be varied 
in sevfe^ral ways. The most common one is that 
the motor governor fail^s or is maladjusted* 
§peed variations can also be caused by slipping 
clutches on internal mechanipal devices of the 
teletypewriter. The overall effect of off-speed 
operation in the /st-art- stop teletypewriter trans- 
mission is to cause the later elements of the 
signal 'to be more distorted than the earlier 
portion of the signal. 



Multiplex ahti-C^yptxv 
^ Distortion I 

When more rftiioteletypbwrit^ c^rigftii.ts are 
required than, existing available ireqilfencies al- 
low, the additional circuits may be provided by 
X using the principle of electronic time division 
/ multiplexing. The tern^ ''multiplexing" means 
t^e combining of several sign^s into one com- 
posite signal, transmitting it f%ni one terminaj' 
* to another, and then breaking the com- 

posite signal int^ tha^riginal si The com- 
' A posite signal produce^Ni^cmAilt^^i^^ is often 
referred, to ^ el MVJ^ bJ^^ SLn^^^^^tliil^ng 
" equipment as MUX equipment. 



In the 60 WPM teletypewriter system, a 
conventional 7.42 unit code is used*. To achieve 
this speed, the teletypewriter impulse shaftmakes 
one complete revolution in 163 milliseconds to 
send one character. With each revolution, the^ 
start pulse and the five selecting pulses are 
22 milliseconds, and the stop pulse is 31 milli- 
seconds. If four complete characters are to ,be 
transmitted in. approximately 163 milllsecondB , 
instead of 'just one character, the time re- ^ 
quired for each new character must be con- I 
siderably shortened. This is acc^omplished by ^ 
the MUX equipment, which compresses each 
transmitted character into a time^neriod of 
40 milliseconds. This MUX equipmeWf accepts 
four 60 WPM teletypewriter channels, converts, 
the intelligence received on each chEUinel to a 
new 5-u^t code ^)lus a sixth pulse) of shorter 
duration, and retransmits the total intelligence 
sequentially to a single wire or radio > circuit. 

At the receiving locktion, the " MUX signal 
is applied to the receiving equipment which op- 
erates in synchronism or' cycles at the same 
speed as the transmitter. ^ is essential thaj* 
the signals be in phase; sometimes^ Mm p-phase 
effects produce distortion. When Interference 
disrupts a received MUX circuit, /all "channels 
will be similarly affected. Difficulties e;q)eri- 
enced with an individual MUX channel cannot 
be attributed to interference. Therefore, unless 
the interfering signal is of a pulfeing naturjs ^ 
' identical in keying ^peed (synchronized) to that / 
of the receiving MUX ^^grial* ^^11 charmels and 
not just/one or two sigi^Isjwill be disrupted. " 

Scattered reflections of multipath propaga- 
tion causes signal distortion and fading fod ^ 
generally 'have their greatest' effect on MUX 
signals. The condition is normally of short | 
duration^ .fLOd -no ^ Gomp^nsation or corrective' 
Sctieri M^'reqiiired. However^^a^oiee of ^a fre- 
quency nearest' the maximttln ,u^able frequency 
('MUP)*^will often help .in offsetting the effects 
j^of this condition. Reduced channel operation will 
sometimes improve signal quality, but thi^ should 
] bo done only as a last resort. 

Cryptographici operation can be either syn- 
chronous or non-Synchronous. N on- synchronous 
cryptographic operation depends . on character^ 
oount integrity, while synchronous cryptographic^ 
operation achieves character count integrity with- 
out requiring that each character trarismitted is 
received. In non- synchronous operation, the same 
number of teletypewriter characters must be 
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received at the distant end as were transmitted 
by the loc^ transmitting equiprrrent if the non- 
synchronous equipments are to remain in the 
**SET'' condition. The SET condition can be 
construed to be the **ready to operate" con- 
dition. A received teletype character may be 
garbled with no effect on this *'SET" condition. 
This Is called character count integrity and is • 
a basic reqittrement to remain in the set con- 
dition.' In synchronous cryptographic operation, 
the synchronous equipments will remain in set 
even if the teletypewriter character count is 
interfered wity, since each of the^ynchronojis 
equipments is kept in pha^e by i|s ^Wn fre- 
quency standard! The synchronousHquipments 
do not depend upon the satisfactory trafttsmission 
aj^d rec^ptipn of each charjreter for their op- 
eration. , 'To 'tnake certain the lines are satis- 
factory for use„ and that excessi^ve distortiort'does\ 
not exist, bias and "distortion checks are made, 
back-to-back cirduits are ufeed, and standard tes£ / 
tapes and proper procedures are used for 
line testing. Teletypewriter "test sets aA> 
ployed with self-contained oscilloscopes 
measure the amount of distortion, line polarity, 
current,, and speed so that all pertinent factors^ 
may be evaluated. Thus, the various iy^^ofx 
distortion peculiar to teletypewriter equipment^ 
can/be measured without inter^pting service 
, on £tart-stop synchronous telefiype writer sig- 
nals, y ' 
*■ > 

MUTUAL INTERFERENCE 
PROBLE]^ 

^- In a communications system, the number of 
radjfQ circuits employed may necessitate the 
use OT- many /transmitters and receivers in the . 
same general locality. The selection of fre- 
quencies to avoid mutual interference between s 
communication equipmenti? Jje^omes Increasingly 
more complex as the pr^bxlmity and/^r nuiwber 
of equipments is ini^ea$ed. While it impossible 
to reasonably estimate the fi'equencies at which 
Interference J#^i*^'^ly to occur, it is impractical 
to Jt^y to acfciOT*tely predict the seriousness of 
interference^^ftf specific frequencies. The in- 
fqrm.atiori given in the following paragraphs will 
aid you in your knowledge of basic interference ^ 
problems and logical means of reducing them. 



Transmitter-To-ReceTvef 
Interference 

Transmltterrto-receiver 
ajor type of interference 




interference is a 
that is diffici|i'it to 



avoid aboard ship and ip any area where many 
transmitters and receivers are located in prox- 
imity to one another. Additionally, signals ar- 
riving- at a receiver from a distant transmitter 
are ' usually weak and can be interfered with 
easily by nearby tran'^mitters. ^ 

Every transmitter radiates small amounts 
cjf energy at many frequencies other than its 
fundamental carrier frequencj^ andeach receiver 
is responsive to./ signers of *mjikfty frequencies 
other,/tKan the desired^ strong signals from two 
ne^aljy. transmitter's operating on different fre-, 
lencies may heterbdyne in a rec'teiver to' pro- 
/duce interference. These spurious radiations ' 
and mspObses greatly increase the number of 
fre'qi^cies , at- which- interference can occur. 
Fc^ example, when transmitting and receiving 
las are locatecj^ose together, interference 
isult, not onlySin receiver^ tuned to fre- 
quencl^§ near that-o/ a Strong transmitter car- 
al^ in receivers tuned to frequencies- 
bonding to the weaker spurious trans- 
^diations. 

Antenna^^t^ocatioo ^ 1 



^ Much of the interference ,that occurs when 
transmitting andf reSjeiving aiAennas are located 
close together disappears ^when the intensities 
of interfering signalte are ^ reduced by ^simply 
separating the transiWtting and receiving an- 
t^inas. Another methoHv^reducing ipterference 
at >^hore communication^^^tions is to provide 
sej^ate sites for transmitting and Receiving 
antenhas. Separations (rf-rlfa much as 5 miles 
are mt^ uncommon where trmsmitte'r outputs 
of 400Ny^atts £uid alx)ve ^e involved. J 

' Mutual interference can e^st betVeen com*- 
municatiori eqwipments op^ratilig in wildely sepa- 
rated frequency bands if thesfe .e^af^^i^ents are - 
in close proximity to one ^other^ For example, : 
high-frequ«ncy trans^itter^'emitsp.uriou - 
tions at ngany times the assigned 6perating 
frequency, and these radiations may cause inter- 
ference in very high frequency receivers, lo- 
cated nearby. J 




AS an alternative to spac6' attenuation by 
means of antenna separation, the ditectiohal^ 
characteristics of antennas are used toadvyifeg^ 
in reducing mutual interference.' Also, where' 
th^ transmitting . and receiving ^antennas are 
locgrted near each other, consideration is given 
to the usage of Wp structures o^^ "the. patural 
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contburs of the area to^F<mde antenna isolation. Cross Modulation 



**Terrain shielding'*., as/it is called, is saUs^ 
factorily employed in many locations abofiird 
ship where the orientation of-the antenna radia^ 
.tion patterns permits such an arrEingement. 

When space fs not provided to separate trans- 
mitting Vnd' receiving antennas, as a))oard/^hip 
Of with mobile equipiipent, for example, certain 
tyyee of interference cannot be sp easily elimi- 
nated! With numerous transnntting and receiving 
antennas sepatated by only: a few hundred feet 
or so, t^ie number 'of interference possibilities 
incfea^eI' ibl^ such to extent that the solution 
of ,the operating frequency assigiftnent problem 
becomes very difficult. If such a situation CEinnot 
iJossibly be avoided, * it is tjien essential to 
understand the equipment characteristics re- 
sponsible for the interference. This will aid 
in selecting i>iitial operating frequencies that 
will fh^-ne >feqpi» prospect of reasonable success 
whS^ operations are begun. 

Spurious Transmitter Radiation 

Spurious transmitter yradiations account for 
much of the transmitter lo receiver interference 
wMen transmitting 'and receiving , Eintennas are 
located xin close proximity to each other. Most 
of. the ifower in the output of a trsinsmitter is 
In the opetating carrWr frequency and the side- 
bands. Howe v^, a small amount of power 
always pre^nt at.the self-generated frequencies 
^that are exact multiples ol ^the fundamentaJ 

frequency' (h^monics). Harmonic radi^ition i£ 

undesiry^l^tf^fii the interference^ starfdpoint, as^ - 
well a*the^pow^r loss and' lowered efficiency^ U. 



When aji-undesired 'Signal feeds throu^ into 
an operatinglcircuit so that it interferes ^JKrith 
the circuit or Modulates it with interference, • 
the effect is known as cross mbdulatlon. Cross t 
^modulation also results wHen two trginsmitt^/^ 
ai:e very close togelheK. W)ien the Einterfnas oij ^ 
.transmission lines of two trEinsmitters are lo- 
cated * near e^ich other, voltage 4rom one 
transmitter jroRy^ be impressed across the output « 
of ih^ c)£her. / " \ . . ► 

■ ■ ■ ' : ' 

Interference of\this type sh(^uld^not prove 
seriou&W the .rjeceiving ant^nhas are weRse^- 
rated from the transmitting antennas, ' smqe the 
spurious- frequencies are highly attenuated. 
Another r^ethod of reducing cross modul^ion is 
by separating the. trginsmitting antennas them- 
selves* jf^ne from the other. T^e s an?! e^ applies 
for the ^receiving antennas. Also, reorienting 
transmitting aMennas «o ''^ 
of their directddnal chara 
ti on p a tte r n s he Ip s r e du c 

tteceiver-To-ReceiV|^r 
^"^Interference 



to take; advantage 
bteristic^ and radia- 
!e cross modulation. 



\ 




Spurious receiver radiations accdilfit for much 
jof .the Veceiver-to-receiver interference. This 
type of interference is not usually serious bat 
nruet^sena^tinoSs be considered in situations where 
receiving • aMennas are closely grouped, or wfien 
xeceivers are connected to ar common anie'nna. 



as^ a result of them.. The de^gn of a transmitter "Almpst v^ithout exception, ^communication re 
usually incorporates'featur^s which hel*^ to eli.ml- / Scdi^rs' are of^ the superheterodyne ,type. The 



nate, or at least suppress, these harmonics 

Because of possible harmonic radiation from 
transmitters, guy wires which support sintenha 
masts should be divided *into insi^lated sectign^B, 
tjie lengths of which are not harmonically "relatafi 
to. the operating frequency. Failijre-^to observe 
this practice lea<i§,,to re-radiation of spuyous 
harmonics from the> length ofythe guy Wire. 

Since, f^e frequencies of tfi^e spurious out- 
puts are different for different oper^id^ carrier 
frequencies, it is apparent that the number of 
receiving channels V.hich mo^ be interfered with^ 
incrroases' with the number of transmitters in 
operation, as each transmitting frequency will 
"be^^accompanied by a series of spurious radia- 
Itions. Spurious transmitter radiations can also 
caused by cros^ modu^latiop Between two 
"transmitter^X 

^ , ' ' y / r \ Til 



fundamental or harmonic frequencies of, the local' 
o^illator in one reqpiver may reach the input 
^ of a nearly receive^r through several signal paths, 
the most important of which is probablycr through 
coupling between the antenna^used in conjunction 
with the receiver^r ^ \ 
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In some cases, several receivers operating 
on diffel^ent frequencies may be copnected to^a 
common antenna in which case sui^ble* isolation^ 
between the receiversymust^be provided, or the 
^ operating frequency,,^ eacn receiver chos<^ so 
that local osqillator rfiCtiiation does not pi'esent^' 
Ein interference problemC-A multi-coupler is often \ 
used to rfeduce the ^effect of Local^ jpscillator 
radiation and afford some isolatjon ofl the^ sev- 
eral receivers. ^ 
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Reduction of Transmitter - , • 
RadiatlQn 

In *checkihg' for transmitter radiation, the 
only really satisfactory indicating Instrument is a 
. sensitive receiver or a panoramic adapter. A 
paitoramic ^ adapter Itf a test Instrument similar 
to a spectrum analyzer that can visually Indicate 
existing^ sidebands or interference around a. 
« carried Radiation checks should be made into 
a dumtny loacj of the proper power and imped- 
ance rating and should be fnad^ on all fre- 
quencies that' axe to-be use*ln transmitting. 

. * Natur^ly, the reduction of unwanted trans- 
mitter radiation can be best accomplished through 
proper design procedures. One of the preventive 
measures considered very important is the ef- 
fective ^'shielding'* of components and stages 
within the transmltter.^To be effective, a shield 
fbust completely enclose^^^the* circuit or stage. 

;,ThiA. total enclosure ftnay be a physlcal'or elec- 
trical one. Tiiat is to say, shields may be in 
the form of a metal tiox enclosing certain com- 
ponents, or they may be in the form of an elec- 
trical potential designed to counteract a.^ftdency. 
of the circuit to rffdiate^ minute portibns of 
RF energy from its components. Unfoj;;tjUnately, 
ordinary^ metal boxes and cabinets mtet pro- 

' vide total shielding, since such openlngi^as lids 

' and Jioles for running {Connections allow leakage. 

A primary requisite for good shielding is 
that all joints mu6t nnake good electrical con- 
nection along their entire lengths. A small slit 
or crack will emit a surprising -am punt, of RF 
energy; so will holes; ^uch as those used for 
mounting meters. On the 6t)mr ha^d,^ small holes 
do not Impair the shielding grea^ fiuid, a limited 
• nuir^ber of ventilating Utolejg 'may be used if they 
are small (not over 1/4 inch v^n diameter). 

Most wires usedjn transn^itte^^s today em- 
ploy shielded wires between power supplies and 
**components and at all cpnnectlons where prac- 
tical. A shielded wire is simply one that has 
a **bi:aid'' inside the outer jacket to provide 
a means of preventing spurious radiations due 
to skin effect and to enable .a ground potential 
to^ be placed attach end of it. For example, 
,the wires used to connect a.c. or d.c. to the 
socket connections for a. vacuum < tube are?nor- 
mally shielded- by connecting the braid of the 
wire to chassis ground at each end of the wire 
run,' arid at .various points Ip between. Meters 
are normally enclosed in shielding covers, the 



meter connections being , made with shielded 
wire. ftF cable and control cable runs are noi^ 
malfy made with high quality shielcfed cabl^|r 
thus preventing inductive Interference v^lh other 
cables in close proximity. 

ANTENNA FIELD STRENGTH 
MEASUREMENTS . ^ 

Field strength is the effective value of the 
electric field intensity and is measured in micro- ' 
volts or^ microvolts per meter. Field strength 
measurements ar6 normally taken only from one . 
particular side pf an antenna. Thus, *the only 
way ,to estimate overall anteonH field strength 
is to ^ take a series of measurements at four 
points and average them out. The four points 
would be made at the front, back, and two sides 
of the antennai^ ^ving you an omnidirectional 
average of ovisrall field strength. . ^ 

Tbe field < strengths produced by an^ahtenna. 
is proportional to the current' flowing ln>vlt. 

" Those parts af the a^itenna that carry the most . 

> current, as a result pf standing waves, have 
'the most radiating effect. J'leld strength meas- 

^iirements* should not be confused with directivity 
and gain measurements. Although they-are closely 
linked and each affects the other, they are meas- 
ured differently and xDeafi different* things. The 
direoiivlty of an ^antenna is determined from an 
aggregate collection of data from all points of 
the antenna, giving us a general picture of the - 
way in which the antenna radiates the RF energy 
fed to It.^The power gain of an antenna is the 
measurement of* the directivity of the antenna 
under - test as compared to that olf an ideal 
(isotropitj) antenna.' 

When making these nfieasurpments, m^y dlf-. 
ferent types.. of test equipipents are available 
in different ranges of frequency coverage. These 
radio test sets, field strength meters, and radio 
noise meters can/ be used to measure eithey 
relative or absolute magnit*^^ of field in- 
tensities produced by an .excMkd >pt^ansmltting 
antenna. The information obJtaiMd from field 
strength measurenr^nts can %'us^ to deter^ 
mine antenna efficiency, directivity characteris- 
tics, and spurious radiations. When you use 
field inteiisity measuring equipment, you must 
remove objects oj:* person^ near the radiating 
source or the jneter because they witi cause 
reflections which result in/er ratio met6i,r read- 
ings. J 
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SINGLE SIDEBAND (SSB) 
TESTING 

Transmitter output monitoring and accurate 
transmitter frequency adjustment are even more 
important in SSB than i^ A^M applications. Not 
only, must the SSB traifsmitter be adjusted^ to 
, operate within tolerances specified by the using 
services, ikiV^t Trust also be adjusted to operate 

• within its own ^strict tolerances because intelli- 
gibllify of/ the reproduced. SSB message de- 
pends upon such adjustments. 

Methods used for testing or performing pre- 
ventiyte fnalntenance on an SSB trlinsmitter will 
. ^Tldflr fellghtly for different equipment applica- 
tions. Fo^ example, so^ne installations have 
special test units Incorporated into the over£^ 
system configuration. These test units, of^en 
referred to as **dlstortlon measuring equip- 
ment", are usually designed for the specific^ 
applications^ where' used and provide a means 
f6r making such measurements as distortion, 
gain, frequency response, noise, and modula- 
tion leveU If no such equipment is provided, 
suitable individual test equipment (signal gen- 
erators," voltmeters, oscilloQpopes, etc.) can 
be used for making the test or perf^fming the- 
PM, The following is a discussion of SSB 
testing. 

V ^ 

RF 'Carrier Oscillator * . 

In Single-Sideband Suppressed Carrier (SSSC) 
jf systems in which no carrier is transmitted with 
the signal, a carrl^is inserted at the receiver 
to correspond to tne one suppr^sH^ at the 
transmitter. This locally generated carjter must 
be at exactly th^ safne fij^^encj*' asHhe car- 
rier that was suppre sse*d An the transmitter if 
the demodulation prOceTss re to be performed 
properly. Consequently^ Jup proper operation 
of an SSSC system, th^Tocal carrier oscil- 
lators in both the receiver and the transmitter 
muBt operate, at the sa^ie frequency 'at all 
times. Therefore, the importance of stabflity 
and " accuracy of frequency adjustment of the 
local carrier RF oscillator or^ts equivalent 
circuit cannot be stressed too strongly. Nor- 
rn^illy, preventive nraintenance checks ^e man- 
datory to ensure the proper operation of J th^ 
carrier oscillator and, associated circuits. 

When performing P^la cjoncerning frequency 
of the carrier oscillator, an'extremely accurate 

* signal generator o'r direct- reading frequency 



meter can be used. To properly cjheck and ad- 
just this circuit, it i€ niBOTSSary that the ac- 
curacy of the test equipmerlVec^al or, preferably, 
exceed the accuracy of the circuit being tested. 
Some of the signal generators and frequency \ 
meters used in AM applications do not meet 
the strict requirements of single-sideband sys- 
tems. Test equipments and instruments specifi- 
cally designed for single-sideband applications 
should be used whenever available. Also, suf- 
ficient warm-up time should be allowed for all 
test instruments to ensUre stable operation. 

Whenever checks show that the Carried os- 
xjillator is in error, the first step in correcting 
the situation is to check aind adjust the regulated 
voltages that are applied to this circuittMShis 
can usually be accomplished through ,the u(BeBrf ' 
screwdriver adjusted rheostats or potentiometers^ 
located in and around the carrier oscillator 
circuit. Accurate voltmeters should be used to 
maKfe'NOIiese voltage checks and adjustments.. In- ' 
cm*r^'<^' voltages applied to this circuit are a 
major ^ s^Oui^Jg of oscillator frequency errors. 
Whenev^r-^'&VtubQ change is made ih^the oscil- 
lator circuity the voltages should again bja checked 
and fidjusted to the recommended values. 

After the applied voltages have been adjusted, 
the frequency of the oscillator can thep be prop- 
erly adjusted. This is al\yays doneMn accordance 
with technical manual and maintenance standards 
manual instructions. The final adjusti^ent to car- 
rier oscillators is normally the setting of the 
output ^ignal voltage to the level prescribed by 
the equipment manufacturer. Precautions 
stressed in the technical manual should be 
strictly, observed for proper adjustment of, the 
RF carrier osc^,llator. 

Balanced Modulator Adjustments 

V 

The primary purpose of artj' balanced mod- 
.ulator circuit is to produce the sidebands of 
the RF carrier and to suppress or reject the 
<;arriei^. Most balanced modulators are designed 
arid adjusted ta' achieve a carrier suppression 
of approximately 35 to 40 dB, If a carrier is 
transmitted with the SSB signal, its level is 
normally reduced 10 to 20 dB below the level^ 
the $ideb^d signal. 

A certain degree of balance>*is .**.built-in'' 
to a balanced modulator circuit by the equip- 
ment de^sign* This involves the choice of tubes, 
components, and circuit arrangement. To com- 
pensate for changes in values of gomponents 
due to environmental and operational conditions. 
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separate ^ Dalance controls are usually inc)3r- 
porated into the transmitter. These controls 
atre usually very easy ^o reach when necessary 
in performing PMs and making minor adjust- 
inents, 

* " 

The first st0p In adjusting a balanced modu- 
lator, is. to. check the circuit operating voltages. ' 
Normally, this dan be-^ccoinplished through the 
bullt-jn test Jacks or through front panel meters 
designed to indicate* the various basicf operating 
voltages associated with that circuit. If vacuum 
tubes are replaced In the balanced modulator 
circuit* care should be exercised In determining 
.that the replacement tube m|tches exactly the 
jibbe removed. This may sometimes necessitate' 

ylK basic realignment of circuits, in SSB eqUip- 

/ mentt 

Basically, carrier balance can be adjusted 
applying a test tone from an audio oscll- 
r to the SSB exciter circuit (usually located^ 
near the balanced modulator proper) and^ 
ling am AM receiver to the output (as shown 
in figure 8-13). The test tone coming from the 
oscillator should be very stable and distortion 
free with- a means of controlling its frequency 
and amplitude. Any suitable AM receiver with 
the proper frequency range can be used. 

^ After -a sufficient warm-up time, the carrier- 
level control of the recei>^ should be turned 
to its minim J m position 6b that no carrier is 
applied to the signal through carrier-reinsertion 
circuits. A suitable test tone is then applied 
to the exciter. If the balanced "modulator is un- 
balanced, the AM receivei* should I5e able to 
receive the signal. ThQ **balance" .control is 
then adjusted for minimum tone output from the 
receiver. This is normally a very simple ad- 

'justmeut and should be done in accordance with 
step-by-step procedures contained in'ftie equip- 

\ mfetit technical manual. 
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Figare 3-13. — Basic equipment setup for car- 
rier balance adjustment. 



sidlband filters in an 
pass only the desired 



The piyrpose of the 
SSB transmitter is to 
band of frequencies with a minimum of dis- 
tortion and loss. Filter characteristics are deter- 
mixied primarily by the filter design* and are 
usually^ permanent once the Initial design is 
completed. Not\ only is it desirable to pass a 
certain band of'frequencies, but it is equally 
impprtant that alf frequencies outside this de- 
sired band be attenuated sufficiently so that 
they do not appear ,at the output of the trans- 
mitter. This is very importaint in dual-channel 
S^B systems where two intelligence signals are 
transmitted on oonosite sides of a suppressed, 
or reduced, carrilr. 

As a general rule, the cdnnmuhications op- 
erator should not attempt to adjust sideband 
filters. The necessary features are made and 
sealed in during the construction of most filters, 
especially fJtaechaniCal ones. Attempts to adjust 
mechanical filters should not be undertaken under 
^any conditions. Crystal filters may be adjusted 
^by technicians only; no operator shouM attempt 
to perform^these adjustments. ) . V 

The Importance of the sideband filWs in- 
regard to the over-all performance of a single 
sideband transmitter cannot be overstressed« 
Therefore, strict adherence to the tiachnical 
manual's instructions concerning sideband filters 
is essential. Normally, sideband filters should 
simply be replaced by the operator if doubt 
exists as to their usefulness. 



*Two-Tone" Testi 



n/lrTs 



SSB 



, The' most widely used method of testing SSB 
transmitters is the **two-tone'' test. This test 
involves the application of two separate tone 
signals, to tha'^^ input of a system or circuit 
and observing ^he results on an oscilloscope, 
spectrum analyzer, Or some other indfc^ating 
device. The two tones should be equal Mtiiiqlp-' 
Ittude and have a difference in Jrequericy^ 
about 1000 Hz. Typical examples of two-tone 
waveforms during test are shown in , figure 
8-14. 

This te^, often an SSB PMfHian be performed 
using eitheV an RF or auc^o oscillator, v^ch- 
ev» is applicable to the te^st being performed. 
Basically, what is done is that two test sisals 
are applied^to the transmitter input. The balMjDed 
modulatojr is deliberately slightly unbalanced 
allow a portion of the carrier to **feed through'*. 
Care should be exercised t;o ensure that -the 
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TWO-TONE TEST 
OBSERVED ON 
OSCILLOSCOPE 

(A) 



TWO -TONE TEST 
OBSERVED ON 
SPECTRUM ANALYZER 
(B) 



. 76.129 
Figure 8-14.— Examples of ideal two-tone wave- 
forms during test. 

amplitudes of the two tonlas ar^ maintained 
constant. Upon completion of the two tone test, 
tbQ caprrier balance should be reset and ad- 
justed to ensure that it is at the proper point 
for operation of the equipment. 

SSB Signal-To-Noise 
Meas\j.rements ^ 

The signal-to-nolse rat!o» usually given in 
d&t is defined as the value of the signal to the 
value of the noiito in a particular application 
and 'is generally a function of the bandwidth 
of ^the overall traitsmitting system. In cases 
where impulse noise is to be measured^ the 
ratio is usually expressed in terms of peak 
values. In random nois^ measurements, toot- 
mean- squared values are used. 

To determine the signal-to-noise ratio of 
a system, it is necessary to measure the output 
of the* system, using an output indicator both 
with without a test tone. In all cases, 

the e(^Epment technical n)anual should be con- 
sulted for the exact procedure to .use in checl^- 
ing a particular system. 

Peak Enyelope Power (PEP) 
MeasuTQinent 

^ ''Therp is a direct relationship betwjj^ the 
maximun) pctwer output of a transmitter tand 
the amount of ' distortion that is permissibhL in 
tee system. For this reradn, the power ouQ)ut 
^ rating of a transmitter's usually given in terms 
•of the maximuirt power that can be^ jjelivered 



with resi)ect to a specified amount of distortion 
that can be' tolerated. If no value of distortion 
4s specified, it is understood that the distortion 
will be kepti within limits considered to be - 
acceptable for xhe system. 

The power output of an ^SSB transmitter is 
usually given in terms of peak envelope power ' 
(PEP). Peak-envelope power is equal to the sum 
of the amplitudes of t]ie sideband components 
and the pilot qj^rier. The measwement of PEP 
is usually made usingi^ the two-tone test pro- 
cejjure with the carrier turned **GN*V Figure- 
show* one method of measuring the PEP 
of ' an SSB transmitter.. If an oscilloscope is 
used, the reading sought is normally peak-to- 
peak. .If a voltmeter is used, the reading sought 
is normally rootymean-square (rms). 

Another rating somMimes given to SSB trans- 
mitters is called **peaWsidebAnd pbwer, (PSP)''. 
It is similar to peaK enyelope power except 
that 'the measurement of this power is made 
with the carrier turned **0B;F^*. In this way, 
the, transmitter power ifif applied to the side- 
ban/Is and none is applied to the carrier. 

**Talking power*' i& a term also often used 
ir*v reference to SSB transmitters. Talking power 
is -defined as the portion of the transmitter out- 
put that carries the intelligencip of the message. 
Since only the desired sideband is radiated in 
SSSC systems, the talking power and peak side- 
band power of such systems are closely re- 
lated, A s^. the carrier &u|$)ression increases,^ 
the amount of available Wideband *power (and 
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Figure 8-15.-^Basic equipment 6etup for meas- 
uring peak- Envelope-Power (PEP)^ 
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the talking power) Will incrtease. If the carrier 
is suppressed completely i?* the total output of 
'the transmitter will be applied to the sideband 
signal. Therefore, comiJlete carrier suppression 
in SS8C is desirable. 

SSB Transmitter Monitoring 

Transmittet monitoring simply means the 
, checking of a traniSmitter to determine the fjuality 
of its transmission. Some iJIransmitters have 
separate monitor panels or units built into the 
system to provide a continuous check, of thq 
transmitter while it is in operation. The .monitor, 
panelp^ or unit, samples voltages ^%(f: currents 
at different points in the . transmitter to as- 
certain that particular* Cil-cuits are functioning 
properly 



arlv. 
ftJn. 



OftSh, preventive maintenance ^hecks require 
the use* ctf built-in or front panel meters and 

fnitoring"' units. Other times, test equipment 
necessary,* used separately. To prevent po- 
tential hazards and equipment damage, it is 
^ important , to observe all precautions pertaining 
Vo test equipments, Especially oscilloscopes, 
(because of the high voltages present in all 
transmitters. " 



< 

SSB Receiver JvMnfenance 
Techniques ^ 



Proper preventive maintenance anci t?asic ^ 
tests and adjustments of a single- sideband Re- 
ceiver should, include the use of test equipment 
designed for the purpose whenever possible. If ^ 
this is ilot possible, test equipjtient should be 
, used Vith accuracy equal to, or exceeding, 
the accuracy to be maintained in the receiver. 
^ Two factors must be borne* in mm^ in the 
A clloice'' of test equipment for preventive main- 
tenance or -basic adjustment of SSB receivers: 

J The 'Close tolerances required of the re - 
ceiver oscillator frequencies. 

(2) The sharp bandpa^ of SSB "Receivers. 

Signal generators de^signed for single- 
sideband applications are presently in use and 
available in every work center. Barring their 
availability, frequency meters or standard ref- 
erence oscillators with a known accuracy may 
/be used i^r basio adjustments. The reference 
use^ should have an accuracy at least equal to, 
or greater than; the circuit to be adjusted in 
the 5SB i^ceiVer, Preferably, the accuracy of 

\ ' •■.■^/' ■ - . • ■ . 



equipment used to adjust receiver oscillators 
should be greater than teu-to-one. 

COMPUTER EQUIPMENT 
TESTING ^ 

More and more, computerized equipments are 
being utilized in communications systems both 
afloat and ashore. Automated and satellite com- 
munications systems are relying more heavily 
on computers at each stagd. of development, 
Natui%lly, with the advent of .these more complex 
and exacting eq[uipments, maintenance and proper 
upkeep requirements increase in importance. 
Th^ifefore, a basic knowledge of computer types 
and simple block" -functions becomes necessary 
in order to obtain **ground-leveP' infprmation 
about the ^eqiHpments thttt we will be using as 
advances are made. 



Compu 



ypes 



A c6mputer may be a small unit (Consisting 
of a few circuits, or it may be a large complex 
equipment involving thousands of circuits. There 
are tWo general typ§s of computers: 

(1> Digital 

' (2) Analog 

The digitfd computer performs mathematicc^ 
operationSj^.>4B^ process known as **repeated 
action". -Tjgp analog computer may use any 
dne of oseveral methods, but it is not considered 
as overall accurate as the digital type. Large 
computers which reil[uire a high degree of ac- 
curacy are normally of the digital type. 

Analog Computers 

Analog compiiters"^^^ used primarily for^ 
such applications as deterS&jlning the altitude of" 
/targets that are detected by radar equipmfepi ^ 
and solving specific typetf of^^pathematical ecjua- 
tions for design calcumioti^s. Such computets 
are usually comj^osecf sfe^s^ming, multiplica- 
tion, (Jifferentiating, and/o^^tegrating circuits. 
Altnough analog c*)mputers are not considered 
accurate enough*;^Qf7^ any apj)lications, they 
are capable of utilizing voltage and current 
values;, and changing those values intd "digital' 
form. Cofiversely, analog computers mj^y use 
these values .in digital form and convert* them 
into volt^tges or currents io <3i)erate> front panel 
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bonlrolB 9nd indications. Naval ^comiDunications 
Bystoms utilize digital computer circuits iDore 
than analog. 

Digital Coniputers 

The b^sic sections of a digital computer are 
shown in figure 8-16. These block representa- 
tions perform the input, output, memory, arith- 
metic, and control functions. All da^a enters 
tb& ocKmputer through . the* input section, where 
it roay be converted to. a digital form and placed 
in a storage device. The memory section ac- 
* cepta this data at Specific intervals and places 
"it in the i^oper storage location. Two paths 
lead out of the memory element: One ^o the 
control section and. one. to the arithmetic sec- 
;tion. Instructions Eure tran^erred from the 
/ftiemory to the control section,^ i^^' which they 
"^T^e decode?! and certain .commands fiire set 
' up for operation'of the computer/ \- ^ . , 

Jnput . \ ' . . ^ 

The input . section accepts inform atidfi^in" 
various forms and converts it to a form Wtilch 
can be used by other * sections of the oompiiter. 
Input information is applied to computers' by 
*many different .me|thods: punched card readers, 
magnetic tapes,' pliper tapes, typewriters, te|e- 
tyi>ewrlters, and radiotelephones. 



Control 



The control section generates signals at the 
proper time to cause a desired action to take 
place within the computer. This is normally^ 
accomplished decoder and other switching^A, 
circuits and devices. The control section keeps 
track of the instructions that are to be decoded « 
and may perform part of the decoding. In ad- 
dition, this section .synchronizes all sections 
of the computer. , 

Memory ^ 

The memory section stores information until 
it is needed by one of . the other sections of the 
computer. Memory devices are ass^igned **ad- 
dresseis" aftd the appropriate address is specified 
in the computer signal when information, is 
needed or is sent to be stored. It is from 
this section that stored infortxiation such as 
that used in tfie Navy AUTQDIN system is 
r<3C^ed, • " 

A^rithmetic ♦ ' 

% . Addition is t^JifSic operation of the arith-. 
metic septioii .ofa: (l^tal computer; other arith- , 
metic IfunctionjL are --'simply "variations of the 
addition fUncti^li For example, multiplication 
in the arithmetic section is simply a repetitive ad- 
dition. The arithmetic sectipn is treed to store 
or transfer the results of a computation. 
\ 

Output 



INPUT- 



MEMORY 



CONTROL 



OUTPUT 



ARfTHMETI^^ 



The results of thdL^omputer- operation ar§ 
f^ to the output for either iScal or ridatant , 
applications. Some > exampib^ of outpuv"^ uilit^^ 
are teletypewriter line printers, card punchers, 
and magnetic tapes such as those used in t^e 
Navy AUTO DIN communication system, paper 
t^pes, frequency counters^; cathode-ray tubes, 
and radiotelephone secure systems. In ^ other 
words,, the output of a computer may vary 
widely, depending up6n its use aind what it has 
been **programmed" to do. 



.jg.9]V?il|jTER (^ALITY 
ASSURANCE TEt:HNIQUES 
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Figure 8-16, — Block diaglrl^ of basic digital 
cOBaputer, ' , / . 




To meet refiability requiremients and pro- 
vide efficient operation, special preventive main- 
tenance techniques have been developed for large 
and small computers. Most maintenance for com- 
puter circuits involves the simulation of actual 
data fed to the computer -itself, very much like, 

* , ... 
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; the tests that are performed on teletypewriters 
with te^t tapes. Naturally, the type of test 
determines the type of quality asfiurancS^ in- 
formation fed to the circuits for Internal cir- 
culation. There are also **marginal checking'' 
circuits in digital computers. These types of 

'circuits are included in computers to detect 
aging pf circuit pai:ts before l&^lures ocdur. 

^his is a valuable preventive aid that is not 
provided in normal, non-computerized equip- 
ments. 

Digital computers as well as analog com- 
puters may be '^programmed'' for checks. These 
'programs provide an overall check of all com-, 
puter circuits. In addition to these special tech- 
niques, normal preventive maintenance 
procedures can be carried out in accordance 
with proper instructions with a vail aole test equip- 
ments carried for that specific purpose. 

Basic Programs 3 

A ^'program'' is a series of instructions 
which control the ojJerations of a computer. 
Each Instruction is use^i to cause some action 
which is^ a part of the overall task that the 
computer must perform. Therefore, an instruc- 
tion may 'be considered to be the basic build- 
ing block of a computer program. 

An efficient program makes full use of the 
instructions which are available to accomplish 
the task in the shortest possible time and uses 
the least number of Irvstructions. Computer pro- 
grams are usually developed according to **time" 
jor **nun[)ber". In other yords^ if time is im- 
^ portant^ maintenance and equality assurance pro- 
gramfe normally use instruction^ of shorj^ration 
••^utilizing many checks. On the other hai^raf time 
!^is relatively unimportant, jnaintenance programs . 
• formally do a. great numbel^of things a^jd cause 
the ^omputer to run through the same program 
npore than once. 

♦ • .9 ■ 

Maintenance Programs 
♦ / 

A maintenance program provides, ^^^Pli^^gh 
ahd rapid method for^ the detection of fq,ilures 
in a special section'of the computer. This type 

. of overall mainter^BLhce checl^ is very„ flexible 
.^^nd efficient, a program can be changed when 

" the ^ computer or auxiliary componentfe are 
changed, aqji the program can be , constantly ^ 
.imprpved. Nt)rmally, no extra test pquip'ment is 
required since the Computer circuits are used 
to perform the test. Testing by means of a 




maintenance program also results in the com-^ 
puter circuits being used in a more normm 
manner than when test equipments are used. 

Maintenance programs are divided into three 
main classes: 

,(1) Reliability 

(2) Diagnostic 

(3) Utility 

Maintenance programs that are used to detect 
the existence' of errors are called reliability 
programs. Reliability programs should be ar- 
ranged to check as rfiany computer circuits 
as possible. 

Maint^aance^ programs that are used to lo- 
cate ^e Circuits in which^ computer pnalfunc- 
tlons ori^nate are called **diaEgnostic'' programs. 
An effective diagnostic program locates the 
source of tr9uble as closely as possible. Actu- 
ally, in mkny cases, reliability programs have 
diagnostic features, and . diagnostic programs 
have reliability features. For convenience, a 
program is called either a refKability or diag- 
nostic program depending on itm intended em- 
phasis. . ^ • ' 

Utility programs are used as aids for both 
operational and maintenance programming pro- 
cedures. This type of program is used to print 
out information from storage devices within 
the computer memory section. It is also used 
to transfer maintenance programs into the com- 
puter memory section. 

Reliability Programs 

Reliability prqgrams are used in both pre- 
ventive aind corrective maintenance tests to 
detect circuit failures rapidly and to discover 
failures- that may occur only under particular 
operating conditions^ In order to detect such 
failures, it is necessary to use reliability pro- 
grams which check logical operation, paths of 
iigfor matron flow, ability of a computer to per- 
fojj-m all functions, execution of instructions, 
etc. 

Reliability programs check either the logical 
functioning of an entire ^computer section or the 
logical functioning of i-hdividual circuit groups 
within a section. vVhidhever method is *used, 
it is assumed that associated circuits which 
were hot directly checked by the program are 
ih satirfactM^ operating conditi6n.\T^hus, these 
programs Sip be considered to fall into two 
categories: ^irst order and 8eoe»d order. First 
order *reli£tpil|ty programs^ cjieck thf operatii^ 
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oi^M entire'' 1||upi)Uter 'Section, while set^ond 
order programs check the operation of assem- 
blies or circuit groups. In most cases* first 
order programs are merely a cofhbination of 
seve^pal^^cond order programs. 

A reliability program provides a good or 
bad indication regarding the ability of the tested' 
computer section or circuit to perform Its 
operating functions, ^n the event of a failure 
indication^i^Pe failure m'ay be in the area being 
checked or in Einother area that has been as- 
sumed trouble free. Diagnostic maintenEince pro- 
grams should then be used to locate the source 
of trouble. 



Diagnostic Programs 

To be efficient, maintenance programs for 
diagnostic applit:ations must enable you to nar- 
row the area of the problem doy/n to the smallest 
area or number of circuits. This Is done by 
employing the following area checks: 

(1) Increasing area 

(2) Decreasing a^ea 

(3) Overlapping areiSL 

(4) Large area 

The most effective method will depend upon the 
particular type of computer being tested. 

' T. - 

A. maintenance prbgranr using the increasing 
area check initially tests a« small number of 
circuits. If a check indicates that all tested 
^cii'bults are operating properly, successive 
checks are run In which progressively greater 
nulnbers of circuits are added. By this method, 
circuits which are found to be operating cor- 
rectly^ are used to check ,,6ther circuits. This 
pro'^ss Is coiTtihued until all circuits that can 
be t^hecked by^ a maintenance program have 
bQeh tested4 

A decreasing area check is used by initially 
checking a large number of circuit& with the 
maintenance program. If trouble is detected in 
a large area» additional checks are made of 
successively smaS^ler portions of the equipment 
until the stages affected by the failure are not 
included in the test area. You are then able 
to determine tbe defective stage. If the check 
«pf a 1^'rge area reveals no error, the remain- 
ing lajrge areas of tlie equipment are checked 
•untlllthe trouble is detected. In m^y cases, 
, "trouble can be located more rapidly by 'this 
procedure than by the increasing area method. 



The overlapping area check is an efficient 
method of locating trouble w'lthin a small sec- 
tion of the e qui pm en t . The routine s of thi s 
type of maintenance program overlap each other. ^ 
Thus, a failure is located at the overlapping 
portions of the routines which indicate the pres- 
^;ice of trouble. 



A large area check is used whenever an 
effective maintenance program for some^mall 
sections of a computer cannot be dev^Sroped. 
A maintenance program can then be used only 
to detect the general arga in which the mal- 
function occurs. When tn|| general area Is lo- 
cated, conventional troubleshooting by qualified 
technicians will be nece'ssary to find the cir- 
cuit in which a failure has occurred. 

^* 

*»Halt" Instructions 



The **halt" instruction causes the computer 
to stop executing Instructionfe under prograun 
.control. However, any operation which Is in 
progress at. the tlflne thfe halt instruction is 
decoded will be completed first. For exampfe.i^v^ 
if information Is being read . into the n^mor^'" 
from a deck of punched XuTODIN carak, 
cards will Jt)e read before^jttie cojiiputer haltsT 
even if the\alt instruction wlis issuecT jupt after 
the reading operation began. 



Clear and Add Instruction 



The clear and add, inetructioo is. used to 
enter a quantity from the memory section with- 
out changing the sign or/magnitude of the words. 
This Instri^ptton is normally used when it is 
desired to begin a type of addition problem. It 
clears the necessary circuits and transfers the 
"necjjssary information according to address,, and 
the addition is accomplished in the prope^j^sec- 
tlon of the computer. , * . ; 

Add Instruction 

This instructiori^ similar to , the cjear and 
add instruction except that it does nbt pro- 
vide for clearing the* circuits beii^re^e^. ad- 
dition process begins. It should be* noted that 
the add instruction can cause an overflow if 
the numbers added together ar«( sufficief«tly 
large. ' If this happens, the resuit in^ie fihal 
^analysis, is jneaningle^. ^ » 



ERIC 



RADIOMAN 3 & 2 



FulL Store Instruction 

The full store instruction is usedLto trajisfer 
Information into the'^emory area specified by. 
the address portion of the instruction. Thus, 
the results of any operation performed by the 
tf^ithmetic section ard^ placed in the memory 
section for future use. 

DIAGNOSIS AND ASSURANCE 
LOGIC ^ . 

The basic element, so often overlooked in 
many areas of system diagnosis and quality 
assurance, is a logical approach. The ternl logic 
simply means *'the system or principles of rea-^^^ 
soning applicable to any branch of Iwiowledge 
or study". That is to say, besides the absolute 
precautions and procediTi^ applicable to pre-r 
ventive maintenance, system troubleshooting, or 
corrective maintenance, there is a '*gray" area 
where we apply , common eiense and reason. 

^ When you have gained an understanding of 
the fundamental theories of operation of the sys- 
tems and equipments you work with and operate, 
you will be weU prepared to present an educated 
opinion as to the cause of a problem, potential 
or real. To do this, a senior radioman with 
many years of experience is not rfecessary. 
From an operational standpoint, any 'RMSN or 
1^M3 should be able to capably handle the , pro- 
cedures applicable to proper monitoring and 
basic remedial acuon, when necfeafeary. Armed 
with this knowledge of the equipment you op- 
erate and the systems over which you have^ 
control, you can functionally test and diagnose 
in an orderly and professional fashion. This 
orderly manner of approach is further enhanced 
by logic and common sense. ^ 

In any situation involving diagnosis, thfe first 
^tep is t-ecognizing trouble syn)pton)S. All com- 
munications Equipments are designed to do a 
specific job 'or g^ou^ of jo^s according to the 
requirements established by. the*^ Navy and the 
equipment manufacturer. This demands that a 
certain type ' of perforniance Ixj obtainable at 
all tifii.es. ^ Quality assurance in the form of 

'preventive maintenance is performed in order to 
maintain the various communications.equipments 
at peak oi* r^ar peak operating condition. How- 
ever, when^Ms ^nd other ^ QA acts do not 
accomplish th^, tH first, most important step 
i* symptom recognjiion. 

Since k trouble symptom is*k^result of some 
undesirable change in equipn entperfSrniance, we 
must have sonie standard of normal performance 



to serve as a guide. By comparing the present 
performance with the normal, you can recognize 
that a trouble symptom exists and make a de- 
cision as to jiist what the symptom is. For ex- 
ample, the normal sound from a superheterodyne 
receiver is a clearly understandable reproduc- 
tion of the transmitted voice. Barring atmos- 
pheric interference, if' the transmission is 
received garbled and unable to be understood, 
the operator knows that a problem exists some- 
where between the antenna and the receiver 
output. 

•Evaluation -of Equipment 
Performance 

During the process of doing their assigned 
^job, most communications equipments yield in-, 
formation which an operator can either see or 
hear. Electrical information to be presented as 
sound must be applied to a loudspeaker or a 
headset. For a visual display, the information 
must be applied to an oscilloscope or metar. 
Normally, these displays are built into the equip- 
ment. For example, the pfete^'current meters on 
the front panel of transmitters monitor the RF 
amplifier stage. During tuning and operation, 
this meter (or meters) has a certain amount 
of monitored current that is ^ considered ex- 
cessive, too low, or within^ operating limits. By 
knowing the normal display, , you could defect 
a potential problem by recognizing a variation 
from the normal. 

Even if the audible or visual information, is 
^present; the equipment may not Sfe performing 
' normally. Whenever the equipment is doin^its 
job but is presenting the operaibr with informa- 
tion that does not correspond with the desired 
specifications, the performance * is said to be 
*idegraded". Such performance must be ^cor- 
rected just as quickly ;as an equipment failure. 
Therefore, it is imperative that all operators 
have a thorough knowledge of all front panel 
adjustments and indications concerning their 
equipment. 

Use of Operating Controls 

Operating controls are the controls* which 
the equipment operator must operate in ojrder 
to supply * power, tune, adjust, seleqj, e*.- fey 
^ their very nature, operating contrqjs miist pro- 
duce some sort of *change in equipflnent^ condi- 
tions. These changes indirectly affect other 
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circuitSAand components inside the equipment 
Sj'he information displays will enable 
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you to **Bee'^' the changes which take place 
when tsbe controls^ are manijpuliated. Control 
inanlpiUatiOD can cause detrimental effects slb 
well 1^8 desirable ones. By manipulating them 
in^ w improper mannerr ^ou can .create 
l^a problem In the equipment x)ver a period of 
p^me^* Also, unlesfi you observe the proper pre- 
cautions and operating habits when attempting^ 
to diagnose a troub^ symptom , even more 
damage can result/^eters placed on the front 
• panels of _ communications equipment serve as 
an aid in determining volta^ and current values 
at crucial points in the equipment circuitry. 
, OperaUng controls should never be adjusted 
thac^these meters exceed their maximum rat-^ 

rrect o|)erating control settings will pro- 
apparent trouble symptohn. The equip- ^ 
eiy be operating perfectly, but because 
of incq/rect settings* tlje information displays 
correspond to the wqpected performance. 
:^ators of communications equipments must 
have a thorough knowledge of all front panel 
^operating controls for this reason. 

Often, there are certain other precautions 
associated" with- specific types of equipments. 
This is very often true of communications equip- 
ments. For example, many CRTs have a bright- 
ness control, sometimes .called an ''intensity'* 
control. This control should not bfe adjusted to 
produce excessively bright spot on the screen- 
of tl}e CRT. Repeatedly doing so will decrease ^ 
the life of the tube. Many receivers and 
converter/comparator groups have CRT displays. 
^ When they _are used often, yoii will notice a 
**burhed** i^)Dt on the ^ace of the screen that 
takes the shape of the signal usually routed 
through that particular group. Normally, this 
shape will be in tlie form of a frequency- 
shift keyed teletype signal. 

Another precaution concerns the adjustment 
of range selector switches on any type of in- 
dicating meter. Improper range selection during 
preventive maintenance procedures and during 
operations ^ten results in either improper read- 
ings or meter damage. A kjj^owledge of the circuit 
. changes that take place when you adjust a con- 
trol will enable you to think ahbad- of each 



step you take in diagnoses and to anticii^te 
any deimage which might v resu^Jt, Remembar, 
you can save a lot of unnecessary time by fex- 
ercising care when you are at the controls, . 

Recording Data . * " ^ 

Proper diagnosis cannot be^lly accomplished 
unless the observed indications'C8Ln& completely 
evaluated. This means, the indications are eval- 
uated in i'elation to one another as well as in 
relation to the overall operation of the equip- 
ment. The easiest method for accomplishing this 
is to have all data handy for reference by re- 
corcUng the information as it is obtained. This 
will enal)le you to properly- diagnose with all 
information at' hand. It will also enable you to 
check the equipment Or group t^chnip&l m^ual 
and compare the information with detailed de- 
scriptions if this is .pecQssary. By recording 
all control positions 'and the associated meter - 
and indicator information, ypu cfiin quickly Re- 
produce the information and check to see if 
that is 'correct as well as put the equipment in 
exactly^ the operating condition that you wish to 
test. Whenever the adjustment of. a control has 
no effect upon the symptom, this fact should 
also be recorded. The information may later 
prove to be just as important as information 
that directly changes the operating status of the ^ 
equipment. 

Use of Functional 
- Block Diagrams t 

i 

Communications equipments and groups sire 
subdivided into functional units. Each unk ac- 
complishes a specific function. The units are 
interconnected so that the individual functions 
"will be performed in the proper sequence to 
accomplish the overall operational function* of the 
set. Thei^e is no indication in the block diagram 
as to how each function is accomplished, but 
to an operator, this is not important. By kncw^ 
ing the functions of^ the various units making 
up the equipment or system, trouble symptoms 
can very often be. localized without havinjg to - 
utilize the aid of a technician. 
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Naval coin%)Utalcation^^'^u8t aiwt^^ be 
readg^ to sbift -to the requirements of wartime. Our 
peacetime org^aoization and training must be ca- 
pable of mjaklng this shift with a minimum of 
chfuiges. Without jtlUs proper transition, our 
fledt would be e^Bentially helplelss knd vital 
information necessary to defense woiild never 
.reach^its deat^natidn. Jt is for thii^wasoa 
we have a wellrdefined communications 
with req)Cn8jbilitieiB assigned to -each elemei\t, 
from the Chiel of Kaval Operations (CNO) down 
to the individual units of ^le fl^et. 

In order to prdsent.a more cohesive effort 
in the eveiit of wa^, the National Communications 
System (NCI^ was established. The NCS provides' 
a unified governmental system which links to- 
gejther the communication facilities and compo- 
nents of the various federal agehcies. Essentially, 
It would be correct^ to say that the efforts of all^ 
branches of the f ederal government, both civilian 
and military, af e p&rt of the overall NCS, even 
though each department and branch has its 
individual organization, methods, and proce- 
dures. ^ ' 

THE NAVAL TELECOM- 
MUNICATIONS SYSTEM ' 

r, ^ 

The word "telecommunication" is de- 
fined as "all types of systems in which electric 
or electromagnetic signkis are used to transmit 
information between or among points**. The 
Naval Telecommunications System (NTS) is com- 
prised of all the terminal, transmission, switch- 
ing, cryptographic, and control devices usorffor 
the transzpission of operational informatioiYinthe 
Navy. The NTS provides electrical and /optical 
communications from the Commander ip Chief 
and naval commanders to and do^ through all 
naval forces imder their command. It should be 
pointed out that the NTS is used primcj^ily for 
the * exero^lse of command and control over the 
;6aval operating forces, not necessarily the shore 



/: . ' . ■ 

establishment. Most of the shore establishment 
is served through the Deferise Commvinications 
System (DCS).' Naturally, there is an overlapping 
portion of each system^ each including the other 
:S^ere neceitoary. AThe overall mission of .the 
nival^ telecommunications system is to provide 
juqjCI tnaiii^ sepure, and. rapid tele-* 

cbmiliunications^ based on war requirements to 
meQI the needs of naval command, facilitate naval 
a&tffiiistration, and satisfy the Joint Chiefs of Staff 
app];;oved requirements of those DCS facilities 
a^ assigned. . ' 

Operational direction and management 
control . of the assigned elements of the NTS 
is the responsibility of the Commander, Naval 
Telecommunication-Command He adquar te r s 
(COMNAVTELCOM). In^ 5laval Communication 
COMNAVTELCOM d^rmkies the rApcmsibili- 
tii^s of each of the j0io\xs commandersv whether 
they are fleet commanders or commanding of- • 
fleers of ships. For .example, direction and 
control of .all naval broadcasts, ship-shore, 
and other direct fleet support telecommunications 
is assigned tfc the Fleet commanders in Chief. 
That is to say that all Pacific Fleet naval 
broadcasts •are under the operational direction 
and control of Commander in Chief, Pacific 
Fleet (CINCPACFLT). The same applies 
to Atlantic Fleet naval broaddfests; they, are 
under the. operatioi^^ direction and control of 
the ' Commander ^ in r Chief, Atlantic Fleet, 
(CINCLANTFLT). The fl^e.t commanders in chief 
are then responsible for the adequacy of com- 
munications in*^ order to satisfy the needs of 
their respective fleets. They, in turn, will assign 
broad communications rei^nsiblEties in the form . 
of their fleet operational orders (OPORDERS) 
that will be complied with at every levelT down 
to and through ihdividual commanding officers 
cif operating shilp6. commanding officers 

of all affected commands will utilize only those 
portions of the fjeet commander's OPORDERthat 
affect them, with regard *tb ^communications. 
In this very simple yet direct manner, the NTS 
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is ad mini stered at every operational level in 
- the fleetly according to that ship's mission and 
^'communicattons need. 
# ■ - • 

The NavaTTelej 

is composed of 

> (1) ;^l^val ' i^elecqmrounications Command 
HBadquarters and SUfi (COMNAVTELCOM). 

(2) Naval CbmnSunications Stations (NAV- 
COMMSTAs). 

(3^ Naval Communication Units (NAV- 
COMMUs). - 

(4) Naval Radio Stations (NAVRADSTAs). 
^ ' (5> Naval Communications Techriigal Groups 
' (NAVCpMMTECHGRUs). 

Naval Communication Stations ' 
(NAVCOMMSTAS) 



Unimicationfe Command i 
.owing el^ents: »^ \," 



or **R»\ designating **transm|t" or ** receive*'. 
For example, NAVRSvdsTA (T) Jim Creek, 
.\y5tshingt0n i^, a compOn€(nt of NAVCOMMSTA, ' 
Stockton, CA liut is physically located _ a con- - 
Bi^rable distance from it, 

, ■ ■ •■ .-. 

Naval Communications Technical' 
-iGroups (NAVCOMMTECHGRUs) 

A NAVCOMMTECHGRU is. not a part of 
a NAVCOMMSTA or the basic communications 
structure. Technical groups, are usually created 
on a **need" basis and. are in support of a 
particular mission or function. For example, ^ 
NAVCOMMTECHGftU, Rio DQJaniero was formed 
to support the missions of the American enTbassy^>. 
there as well -as other functions important to 
the national and naval interest, - ' 



^^^A NAVCOMMSTA is J^om muni cations 
station with a priipary ' respdBlbility^foi: com- 
BQunicationB in a large, specific area. It includes 
all communications facilities and equipment 're- 
quired to provide essential fleet suppdrt and 
fixed communication services. For example^. 
NAVCOMMSTA, Diego Garcia serves a large 
geogri^hical area of the Atlantic as well as a 
large ,arj>4 of the eastern United States. It- also 
includes facilities and equipments r\ecessary to 
interface Avlth all otfa^r NAVCOMMSTA-f or com- 
munication units on all'haval commtinications 
matters. Another example would be f4AVC0MM- 
STA, Stockton, CA, 



DEFENSE CQJMMUNICATIONS 
SYSTEiA (DCS)' ' . 



V 



The Defense Communications System 
(DCS)— existi^.to support the three military de- 
partments (Navy, Army, Air Force) and other 
Department of Defense .activities, The^circuits 
that make up the DCS are government-pwned 
or leased and are point-to-point circuits that 
are lOng-h^ul and world-wide. It €bmbines into 
a single cpmmunications system many of the 
elements of the three military forcdSb The Navy 
DCS facilities are all ashore with thejexception 
of the National EmergencKr Command Pbsts Afloat 
(NECPA) facilities. | 



Naval Comfnunicatiqn 
Unit (NAVCOMKU) 



Although' the NTS and the DCS are two 
different communication systems (fleet and 
apbore, respectively), they are constantly inter-, 
A NAVCOMMU is a, telecommunications JB^d. Fbr example, as often happens a naval 
faciUty that is assigned a limited, ir specialized ^Pssage originated aboard ship and destined for 
mission, A NAVCOMMU is much jsmaller than a shore activity will leave the ship over the 
a NAVCOMMSTA in terms of pei-sonnel an^^NTS, but final routing is accomplished over the 
faciliU^ea ^d is. identified according to Its^^DCS circuits of .the Navy, NAVCOMMSTAS and 



* geographical* loqaftbrt: for example, NAVCOMMU, 
CHRISTCHURCH/New Z^a\|^nd. 

Naval Radio Station . 
(NAVRADSTA) ^ 

A NAVRADSTA is 3^ component of a 
NAVCOMMSTA, even though it, may be p^iyslcally 
located -some distance f rotn the NAVCOMMSTA. 
A NAVRADSTA is classified as eUhey^ a trans- 
mitting or a rbceivtng station, deperaiing upon 
^ the function it performs. Therefore, NAVRAD- 
STAs are either suffixed by the letter *«T** 



NAVCOMMUs are the points where message tAf- 
fic is transferred between NTS and DCS circuits. 
The interface between the NTS and DCS is 
always provided by the shore communication 
facility. ' 

Defense Communications " ■ 

Agency /dCA) • \ 

Operational, dir^iction over the DCS is 
accomplished with the Defense Communications. 
Agency (DC A). With reference to the DCS, the 
DdA must ensure that the system is operated 
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and improved so as to pieet the continumg loflg* 
hauli petn^-to-point recrements that bedome^ 
neceMary.V 
^ V^TMJPC A functions undej the^management 
a (nrrotor Who is appoin|A|v the Secreti^ 
0f Defen^/ The Director /^R^Lis a ^neral 
or flag rank officer and has tl]^TOsponsibiIi ^ 
of coordinatAig tlS combined odtnmunications 
elements of the three military^ jorces. 

THE DCA CONTROL - ' ' . 

COMPLEX , 

The DCA operates a communications con- 
trol complex that consists of a number of op- 
erational^ control Centers. ; The focal point for 
all of the operational control'centers is the DCA 
Operations Center (DCAOC) loqated i in Wash- 
ington, D.C. (See figure. 9-l.)4^The operations 
center maintains and^dlsplays the status of the^ 
^world-wide DCS. Figure 9-1 provides a pictorial- 
view ci the world-wide DCAOC complex. 
^ Information is presented* on display panels 
covering all data requii;;ed to intelligently analyze! 
and control the world-*wide system. When dis- 
jplays indicate a need for operational instructions 
to' correct problem s,*the operations center sut)er- 
visor issues them by telephone or teletypewriter 
.to the appropriate activity. Jh^ center's control 
area contains a series of operator donsples with 
computer access. Through /these consoles, the 
supervisor can obtain and displa^^ detailed 
information to. assist in systems dia^osis and 
decision making. 

Area Communications 
Operations Centers (ACOCs) 

In addition 'to the central operations cen- 
ter, there are two area centers called A^rea 
Communications Operations Centers. These 
area centers are subordinate to the operations 
center and report to it. (Their purpose is to 
exercise operational dirSb)!!^ over the DCS 
components in their geographical areas. They 
accomplish this in«much the same manner that/ 
the operations center controls the entire world. 

Regional Communications 
Operations Centers (RCOCs) 

Subordinate to the area centers ara the 
regional centers, called Regional Communica- 
tions Operations Centers. These centers take 
care » of Che DCS within their own region ac- 
cording to their o^n needs, and makes status 



' reports to the appropriate area center. Each 
'DC^ station in any of the three military branches 
is under the circuit directipn- of a designated^ 
ACOC or RCOC. ^ . " , ' 

NAV^ COMMUNICATION * ' . 

Naval communications i€ org^zed so that j 
''fleet an^ force commanders will hMe optimum 
communications no matter where th^y operate. . 
This is partial^ iCCcom pli shed through the divi- . 
sion of the world into communtt^^oh areas. 

The world , is divided uwo four Naval 
Communication Areas (NA%^COMMAllEA*S): 
EASTPAC, WESTPAGf^ ATLANTIC and MED. 
(Seor. figure 9-2.) All communications activities 
within any of these geographical c^eas are or- 
ganized to operate un,der the direction of a 
master station. The mastei^ station exercises 
cdordination*and control of all naval cM|jnunica- 
tion system fleet broadcasts, ship-to-snore, air-* 
ground, and other tal^ti^cal circviits within ihQ 
NAVCOMMAREA.Xpie* master station is known 
as the Naval Comn^unicatioti Area Master Station 
(NAVCAMS). There 4^ other .NAVCOIilMStAs 
or NAVCOMMUs within the N AVCOMMAREA that 
are called alternate NAVCAMS. They coordinate 
, control of communications imder the direction ^ 
of the NAVCAMS. ' *^ ^ 



SHORE COMMWJICATIONS 
DbPARTMENTS^ * - " 

, A NAVCOMMSTA or NAVCOMMU may 
be comprised of several functional components, * 
depending upon need. Basic org^anizatidn and 
fi^otional duties may vary depei^ding upon the . 
station unit mission, but there are general ctuties 
commdn to the components of each. These duties 
deal with the Naval Telecommunications Center/ 
Message Center, Fleet Opnter,' 'Technical Control 
J'acility, Receiver Site, Transmitter sAe. 



Naval Telecommunications 
Center /Message Center 



4^ A Naval Telecommunications Center or 
Message Center \is a separate organizational 
entity whl(5h provides rapid com mun:^cations serv- 
ices to several nav^ command^ ahd^ctivities. . 
Referred to as an T^TCC, it is ^Alished to 
provifle a message service where a need ^sts 
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Figure 9-2.— . The four naval commimication areas (NAVCOM^AREAs) 
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due to a large volun^of tnessage traffic. An 
NTCC Is not a physloal part of a NAVCOMMSTA 
or NAVCO^MU» but does relieve them of meBsage 
reBponBlUlltles to certain commands in high 
traltie volume areas. 

' NTCCs also relieve afloat communications 
personnel of nnuiy >Yatch8tandlngrequiretnent8by 
assuming a ship's message traffic guard whenever 
they are berthed in their area. This part of 
'the NTCC'B service is called the Shore Baaed 
Message Service System (SBMSS) and is utilized 
in areas of high nee^» for example, where a 
large number ^ ships are berthed. Tt\e duties 
and resppnsibilities of NTCCs are listed in 
NTP4. 

fleet Center 

-J The fleet center is that (Organizational 

jentlty which provides an interface between shore 
i^agd afloat cbmmunication systems. Typical sys- 
tems and circuitry associated with Fleet Center 
operations include NAVCpMPARS, Fleet Broad- 
,oast8» Full Period Ship^Shore Termination, Pri- 
mary and Secondary Ship-Shore, Fleet Flash 
Nets, Air-Ground Circuits, Eleqtronic Courier 
Circuits, and those circuits required for cor 
-ordination ;purposes. The fleet center also op- 
erates maritime and aeronautical distress and 
public service circuits. 

Technical Control . • 

Facility ' 

, Technical Central is the focal point of 
the commui;iica£lons departm*ent ashore. From 
here,* all ihter-patching between the various 
divisions is accomplished. Technical control is 
also the central monitoring point for all transmit 
and receiv^e circuits. The transmitters loc^d 
at the transmitter site are keyed from this 
facility and all corrective actions dealing with 
systems diagnosis or quality control are initiated 
here. Basicall]^, the technical control facility cail 
be thought of as' the master switchboard and moni- 
toring station for the entire communications de- 
parf^M^t. 

Cryptographic Center 

The crypto center provides all oflf-line 
crypto service and assigns appropriate routing 
of encrypted traffic within the command. Th^ 
crypto center also provides message processing 
and accountability for TOP SECRET message 
traffic. . , 



Navy Comnhercial 
Refile Facility 

The Navy Commercial Refile Facility 
provides interface between U.S. Government 
telecommunications systems and commercial 
systems (domestic, foreign, or internafaonal). 
It is here that air necessary commercial com- 
munications billing, reporting, and filing take 
place. 

Receiver Site " 

The receiver -site is equipped with the 
necessary facilities and equipment /to receive 
radio frequency energy and convert^ it into sig- 
nals that are routed to the Technical Control 
Facility for further processing. The basic work- 
related functions include- receiver tuning, DC/ 
Ai^dlo patch manipulation, quality monitoring of 
received signals, and antenna control. 

Transmitter Site 

The transmitter site is equipped with the 
necessary facilities and equipment to radiate- 
radio frequency energy. The information to be 
transmitted is received from the Technical Con- 
trol Facility in the form of analog or digital 
data. The basic functions of the transmitter 
site include transmitter tuning, DC /Audio patch 
panel manipulation, quality monitoring of trans- 
mitted signals, 'arid antenna switching. 

SHIPBOARD COMMUNICATION 
ORGANIZATION 

Not all ships have a communication de- 
partment. NWP 4 designatei3 the types of ships 
in which there is a Communication Department. 
In ships that are not so designated, communi- 
cations personnel are assigned to the Operations 
Department. Regardless, the communications 
functions are the same. The shipboard com- 
munications organization is structured so that 
all assigned tasks and functions are carried out 
and fulfilled. Senior enlisted personnel may be 
assigned the duties normally assigned to officers 
whenever sufficient numbers, of officers are not 
available to fulfill assigned billets.^ 

Commanding Officer 

At all times and unde/all circumstances^ 
the ship's commanding officer is responsible for 
the communications of his ship. The only exception 
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\t6 this is whenever a flig(.i& embarked on«-board 
\and tbe coinnmnicatloQB funpttone of the ship 
ave .been assumed by; the flag* - However, even' 
ieii, tbe commanding ^officer m u s t as e m ne re* 
IpOQBlbllity for propef internal, handling of mes- 
traffic within the' ship. • 



' Cpmmiinication Officer 



The ship's communication offider is re- 
sponsible for the organization, supervision, and 
coordination-^ of the ship's exterior commjuni- 
CIttions* AddlUonldlyi the communication officer 
is responsible for t£e management of related 
internal systems. The communication^ officer 
must be cognisant of all communications an- 
nexes to Operation Plans affecting the mission 
of ^tne ship in order to advise the commanding 
officer on sUoh matters. 



Radio Officer 

he radio officer is in charge of the 
commui^c^tions center. l}e is responsible for 
organizihg and supervising his personnel to 
ensure sidcurate, secure, and rapid communica- 
tions, Be^ng responsible to the ship's communica- 
tions offii^er, the radio officer prepares the ship's 
communioation' plan which includes proper allo- 
cation "lai^quipment for operations; preparing and 
maintaining the communicatibn watch, quarter, 
and station bill; conducting the communications 
training program; and preparing Standard Op- 
erating Procedures (SOPs) for the communica- 
tions centeA On snnall ships, thq communieation 
officer juid ihe radio officer may be one and the 
same, \ 

\ ' ' .. 

CMS Custodii 

The Communication Security Material 
•^DuMQdian (CMI^ is responsible to the commanding 
offiS^jifor manfitong the command's jPMS account 
in accordance with thh instructions contained in 
CMS-4. It is hi^ responsibility to advise th6 . 
comm^mding offider on the status ofthe account 
at all^ tlmejs on\ matters concerning physicaj 
security and^ han\iling of CMS publications. 
Stowage of CMS publications as well as drawing, ^ 
correcting, and destroying the^m are! also the^~ 
responsibility of th^ CMS Custodian^ He is also 
responsible for theV submission o£» all reports 
concerning the acccxinting for and the issuing 
of any CMS publications. 
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SHIPBOAJU) OPEI»VTIONi\L 
ORGANIZATION 

— The function of a ship's oper ational or* 
ganization consists of message processing, oipCult 
operation, technical control, datd processing and 
operation, control" of voice circuits, and opera- 
tion of satellite circuits -where installed* ^eed- : 
les& to say, the combined'effortsot the operational 
organization is performed in VariQus spaces on 
the ship simxxltaneously. The following is a dis- 
cussion of the dxities i^id responsibilities of some' 
6i' the key billets within this organization. 

Communication Wa,tch 

Officer (CWO\ ^ ' ^ 

The CWO is responsible .to the communi7 
cations offiper for ensuring that tiie ship's com- 
munication capabilities are e^qploi ted to the fullest 
in accordance with, the mission of the ship* He 
is responsible for all incoming and outgoingtraf- 
fic within the ship's communication organization* 
He.^ensures that* all messages, transmitted o^ 
received, are handled rapidly and accurately 
in accordance with^existing regulations. The CWO 
ensures complicLnce with existing communications 
directives and monitors the perfgrmance of the 
on-watch personnel and spaces. For a detailed 
listing of all of the duties of the, CWO, consult' 
NTP4. 

Senior Watch 
Supervisor (SWS) 

When assigned; the SWS' is the senior 
enlisted m^ on watch in commtinic^tion spaces* 
He is responsible to the CWO for all com- 
munications. The SWS' notifies the CWO on all 
, matters in his*area of responsibility of ian urgent 
or unusual nature. T^e SWS examine^ operational* 
logs aind mbnitors equipriieat^ alignment and Op- 
eration as >*well as directing -necessary action 
to prevent or overcome messfige backlogs. In 
addition to the required duties listed, in IsITP 4, 
tY^e SWS is also responsible for any other duties, 
assigned by the CWO. - 

Main Communication 

Supervisor • ■ '^^ \ 

i -The main' communication supervisor ie/ 
responsible to the CWO. and- SWS \f or super/ 
vising message processing and circuit operation* ' 
He directly supervises all Radiomen on waXch 
in the message processing cente:;:. He is Bleo 
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respoDBible for notifying the CvVO and SvVS on 
all matters in their area of responsibility' of 
aja unusual or urgent natur^. ^ 



feohnlcal Control 
Supervisor 

The lechnipal control supervisor ensures 
that quality monitoring and, control procedures, 
are employed oh all systems in use. He also 
maintains the / status board showing pertinent 
information relevant to equipihent, pets, and 
Qircuits in/^dse. The **tech-contror' supervisor 
directly y^pervisesfdi personnel assigned' to. 
technic/kl contr^/ and transmitter room 
spaces. / / . 

COM&IAND SHIl 
CO|{iMUNICAXI0N& 



The/ term **Flagship Connnunications" 
could be Mv^erted for/*Commandship Communi- 
catlons'Vj^d would mean the same thing; Either 
term, as/ used, means that a group, squadron, 
or dijMlon commander is embarked onboard, 
the r^^ making that vessel the **flagship'*; or 
"c^Kfoandship'\ In flagships; the embarked com- 
ma^er asstimes jurisdiction over communica- 
s 'functions. The flag communications officer 
then responsible for the ship and flag com- 
unications requirements. However, the internal 
'routing of message traffic remains the responsi- 
bility of the ship on which the flag 
is embarked. 



When a flag is embarked, the ship's- 
communication officer, communications watch 
officers, and enlisted communicationfe personnel 
may be ordered by the flag to additional duty 
in the flag communications di'vision. These per- - 
sonnel shall be directly responsible to the flag 
communications officer, for' the operation of the 
flag com miinicatibn /functions. The ship's* com- 
munlcatioa officer Vepprts to the flag com- 
iifiiunlcation officer ai^ is t)ie contact officer 
for matters pertaining^ the handling of ship 
and staff message traffic. r 

OPERATION- ORDERS - 
(OpOrders) ' 

Operation Orc^ers (C^Ordert) .arq, direc- 
tives that are issued by naval, commandars to 
subordinates for the purpose of effecting co- 
ordinated execution, of an operation. Ojperatie^n 



orders are prepared in accordance with a stanc^- 
ard f9rmat„ a^s set forth in NWP IX, Naval 
Openatibnal Planning. 

An operatlgn^ order consists of a basic 
plan made up of the bei^ding, body, and ending* 
The basic plan, contained , in the body 'of the 
operation order, is kept very concise and lacks 
detail. The more detailed information pertain- 
to the various departments, aboard ship are 
contained in the added enclosures, called annexes 
and appendixes. T^e annex of most concern to 
Radiomen is the Communications Annex. The 
communications annex,, along with its associated* 
appendixels and tabs, elaborate on the • meiny 
details to ife considered in the planning of 
communications for any* particular operation. 
It is in this annex that Radiomen find all of 
the applicable pircuits, equipment, frequencies, 
etc., that will directly concern them. 

To provide uniformity, each communica- 
tion annex of an operation ordea* for U.S. Navy 
operations is prefaced by a staiida^d paragraph 
which ' rec^ds: "Communications in accordance 
with effective edJtiCn of NWP 4 and appropriate** 
Joint, Allied,* and Navy Departipent publications". 
In the event that an OpOrder does not include 
a communication annex, a Comni|mication Op- 
eration Plan (ComOpPlan) is proanulgated sepa- 
rately. 



COMMUNICATIONS - 
MATERIEL SUPF'DRT 



In ordfer to maintain communication fa-, 
cilities and Equipment inpeakoperatingcondltion, 
proper materiel support is indispensable.' Wit h-* 
out it, the mission of the comnjiui^qations com^- 
plex, and thereby the naval tnission, would be 
severely impaired. 

Preventive Maintenance ' 

Preventive maintenance is a program 
of systematic inspection to determine th^ con- 
dition of equipment and' to (Jetect substandard 
perfcfrmahce. The Standard Navy Maintenance 
and Material ManagemeVit (3-M) System is a 
program designed tol^id* in attaining and main- 
taining optimum fleet Teadiness through effective 
use. of available resources. The ,3-M system 
is comprised of two areas: 

1 . The rPlanned Maintenance System' (PMS) 

2. The Maintenance Data Collection System 
(MDCS) ' . ; . 
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The Planned Maintenance 
System (PMS) 

PMS deals with planning, scheduling, and 
resource, management in order to provide' un- 
interrupted equipment performance within its ' 
design characteristics. The PMS system pro>^des 
each department with the meanrto plan, schedule,' 
and control maintenance in accordance with 
routine schedules. PMS pertains to preventive 
maintenance rather than corrective maintenance. 
^ The basic tools of the PMS system are: 

1. The Cycle Schedule 

2. The Quarterly Schedule 

3. The Weekly Schedule 

, 4. Maintenance Requirement^ Cards 
(MRCs) 

The Cycle Schedule Is a visual displtiy of 
preventive maintenance requirements based on 
the ship's entire 6verhaul cycle. It is from this 
overall schedule of preventive maintenance that 
the Quarterly Schedule is made. 

The Quarterly Schedule (sometimes re- 
ferred to as the *4ong-range'V schedule) is a 
visual display of preventive maintenance to be 
' accomplished dueling the current and up-coming, 
quarters. The Cycle and two Quarterly Schedules 
are contained in a holder called the Maintenance 
Control Board'* and is kept up to date by the 
comhiunlcations division department head. 

The Weekly Schedule is a visual display ' 
of the preventive maintenance to be accomplished 
during the current week. It assigns specific 
preventive maintenance tasks to specific per- 
sonnel to be accomplished on a specified date. 
The communications division leading petty officer 
assigns the work and records its completion 
. on the weekly schedule. 

Maintenance Requirement Cards (MRCs) 
define the preventive maintenance to be ac- 
complished in sufficient detail to enable personnel 
to perform the tasks without difficulty. Listed 
on MRCs are the enlisted rate, time, tools, 
parts, and materials required to perform the 
preventive maintenance task. Applicable safety 
precautions are also contained/bn the MRCs. 
When assigned a particular maintenance task, 
the person involved simply takes the applicable 
MRC and performs the 'task according to the 
directions contained on it. 
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THE MAINTENANCE DATA 
COLLECTION SYSTEM (MDCS) 

^. MDCS provides a system of documenting 
man hours expended, material expended, and 
equipment downtime. The MDCS is utilised only., 
when corrective maintenance is performed. Ship-r' 
board Maintenance- Action, Work Request, and 
Deferred Action forms are used to document all 
necessary information when MDCS is used. The 
Shipboard Maintenance Action form is a docu- 
ment used to record PMS and other preventive 
maintenance actions, with the exception of daily 
and weekly PMs. 'the Work* Request is a docu- 
ment used to request outsi.de assistance when 
corrective maintenance is beyond the capabilities 
of ship's force personnel. The Deferred Action 
is used to report corrective maintenance actions 
that are deferred due to ship's operations, lack 
of repair ' parts, or a requirement for outside 
assistance. ^ ' 

All material expended on maintenance, and 
the dost of ^uch materi^ils, must be documented 
and reported in the MDCS. One of the two 
forms used to document the expenditure of 
materials 4s NAVSUP 1250, a five part document 
used to obtain repair- parts. IJAVSUP 1250 is used 
by ^hips not having automated supply records. 
NAVSUP 1348 is the document used to obtain 
repair parts on ships having automated supply 
records. The MDCS isMurther detailed in the 
Maintenance and Material.- Management* (3-M) 
Manual (OPN A V 4790.4). 

REPAIR PART 
SUPPORT 

Prompt, efficient repair of inoperative or 
malfunctioning equipment is dependent upon ade- 
quate repair parts support. Each command has 
an allowance of spare parts on-board as recom- 
mended by the Consolidated Shipboard Allowance 
List (COSAL) or, in the case of shore activities, 
the Electronic Repair Parts Allowance List 
(ERPAL). These allowance lists aJ^e fidjusted to 
a prescribed range and depth of sCo(iked parts 
based on the usage rate of the eguipmeht. The 
usage rates are obtE^ned by correct reporting 
of failures as pre;3cribed by the 3-M System. 
As new" part stock level requirements apjTdeter- 
niined, the* command allowance* list will be up- 
dated. Spare part support for ships iii overhaul* 
is provided by the Supply Overhaul Assistance 
Program (SOAP). r - 

Logistic suppbrt for the coJmnunication 
complex includes the effort to ensure that 
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consumable supplies are available when required. 
ConBumable supplies are those items such as 
paper » pencils, log and record forms, teletype 
ribbons, and cleaning supplies that are used in 
daily operation. An adequate supply must be 
maintained to pre^pnt interruption of communi- 
cation center operation. 

The supply department records stock 
levels for all items maintained in the command's 
supply system. These stock levels are based on 
the rate at which the material is ^used and 
indicate a 90 day supply.. When the items drop 
to two-thirds of the 90 day level, they will be 
reordered in sufficient quantity to raise the 
supply back to the 90 day level. ♦ 

Establishing Stock 
Levels 

The communication. organization must de- 
termine its own stock level requirements for 
materiel and provide this information to the 
supply department. This information is then 
included in the overall requirements for the 
command. Accurate past usage is the best guide 
for establishing these levels. However, it is 
equally important that the requirements for 
future operations be reviewed to determine if 
ch^ges to these levels are indicated. For ex- 
amp^, the stock levels for a ship scheduled for 
overhaul may require reduction, whereas the 
levels generally require an increase if a ship's 
operation is scheduled. Stock levels must be 
reviewed at regular intervals to ensure that 
adequate supplies, are on hand when required 
and, at/ the same time, to ensure that a surplus 
does not accumulate. Excessive amounts of sup- 
plies for' day-to-day use must not be kept in 
communication spaces. The supply department 
should be promptly notified when changes to the 
basic logistic support requirements ar^necessary 
as this ensures that adequate levels are main- 
tained for changes in equipiiient utilization or to 
comply with new procedures. 



NAVAL WARFARE 
PUBLICATIONS LIBRARY 
(NWPL) 

The **NWPL" is the label assigned to 
that group of communications and tactical pub- 
lications that are designated as part of the 
command's publication allowance. These pub- 
lications contain required procedures, signals. 



and other information of an operational or mis- 
sion essential nature and may involve safety < 
The Naval Warfare Publications Library (NWPL) 
provides for • th^ central administration and 
hiaintenance of thS0se publications. These publi- 
cations are prpmXilgated by CNO and include: 

1. Naval Warfare Publications j(NWP Series) 

2. Naval Warfare Information Publications 
(NWIPJSeries) 

3. Fleet Exercise Publications (FXP Series) 

4. Allied Tactical Publications (ATP Series) 

5. Allied Exercise Publications (AXP Series) 

6. USN Addenda to Allied Publications 

7. Miscellaneous Allied Publications (AAP, 
AEP, AHP, ALP, 'AMP, and APP 
Series) 

The objective of central administration of 
naval warfare publications is to assure that these 
publications are correct and readily available for 
their intended use. This necessitates a basic 
library file out system and, signature custody 
,as required for classified material. Some naval 
w^trfare publications contain information which 
is necessary for the proper performance of 
individual duties and important for individual 
professional development. Therefore, naval war- 
fare publications must be readily available for 
use individuals with a duty related need or 
a general professional need for the in- 
formation. 

NavaT Warfare Publications 
Custodian (NWPC) 

Responsibility for the management of the 
NWPL is assigned to an officer or senior petty 
officer. This assignment is a collateral duty 
and the person so assigned is known as the 
Naval Warfare Publications Custodian. He is 
responsible for the overall administration and 
security of the NWPL. 



The NWPL **Clerk'' is a person ^0||heU 
by the NWPC. The clerk is responsible Tor the 
upkeep and maintenance of the library. He main- 
tains all records and receipts in central file, 
orders all necessary publications and changes, 
and enters all necessary changes and amend- 
ments to the publications in the NWPL. The 
clerk reports all matters of concern to the 
Library Custodian. 
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NWPL Administration 

AB a library, tlje NWPL issues publfca- 
tions to holders and short term users, A holder 
is a person who hks ia permanent subcustody 
of a publication under the central control of the 
NWPL. The holder is responsible for maintaining 
the publication, entering' all necessary changes 
and amendments, and providing adequate 8€fCurity« 
A user is a person-who checks out a publication 
for temporary or short term custody. 

Signature custocfy and disclosure records 
for classified mati^rial is maintained as re- 
quired' by 6PNAVINST 5510,1, Signature custody 
of unclassified publications is not required; Jiow- 
ever, the records of the NWPL- should pro>cide 
an up-to-date ItKJation of publications wl^ch have 
been issued to holders or checked out to users. 
Where signature custody is not required, .a lo- 
cator card may be . used in place of a catalog 
card to check out publications to users. 



Maintenance of 

the NWPL ^ 

In maintaining the NWPL, several basic 
files are used. One is the Custody File. The 
custody file contains a catalog card (shown in 
figure. 9-3) for each naval warfare publication 
on allowance or on board. The purpose of this 
file is to maintain an up-to-date record of the' 
holder and location of each publication in order 
to facilitate the entry of timely and proper 
changes to the publication. The catalog cietrd 
can also be used as a custody card and a de- 
struction record. When used as a record for 
security purposes, it shall be retained as re- 
quired by OPNAVINST 5510.1. 

The Administrative File contains crbpies 
of all correspondence, in chronological order, 
pertaining to naval warfare publications. Included 
in the administrative file is the Change Entry 
Certftication form (shown in figure* 9-4). 'Hiis 
form is filled out by the holder of the applicable 
publication. The administrative file is sometimes 
called the **Ti*ansaction File'/. The tetentiop 
period^ for material in this file iA two years. 

The Publication Notice is aprintednoL^, 
giving^ a brief summary of a new publication 
or change. It i,s included with each hardback 
copy and is fur^nished solely fo^ routing by 
the NWPC and shall be destroyed wb^ no longer 



useful. These notices keep all cognizant per- 
sonnel informed' of the changes to naval warfare 
' publications. 

Procurement of Tactical 
Warfare Publications 

Tactical warfare publications are stocked 
in the Cognizance Symbol stock points. 

Reactivated and newly commissioned activities 
and ships^e automatically furnished an initial 
supply of publications in the quantity stipiilated 
for such commands in the Requirements List 
of Naval Warfare Publications for the Operating 
Forces or the Naval Shore Activities. When 
Inferring to NWPL publications, "long'' or 
**short''. titles are used. 'A long title is a 
descriptive word or phrase that identifies the- 
subject mattw. of a dociunent or the type 'of 
device it is, for example, **Basic Operational 
Communications Doctrine't, A ^ short tiUe is a 
brief, identifying combination of words, letters, 
or numbers applied to specifli) items of ma- 
terial. For example: NWP 4. 



NWPL Binders 

Binders for U.S. tactibal w£ 
lications ha^ been color cocfed-«6cording to 
security classification. Thia color code \s: 

Secret— RED . ' 

Confidential — Y ELLO W > 

Unclassified— BLU E 

All NATO publications have or will have a 
white binder regardless of security classifi- 
cation. 

4 

Entry of Changes 

The timely and 
to NWPL publications 

accurate, up-to-date inf6rmation as well as 
information continuity. Changes to NWPL pub- 
lications .are the responsibility of the clerk. 
However, often changes are so numerous that 
all communication personnel become inVolved. 
It is the responsibility of th^ NWPL clerk to 
ensure that all personnel making changes to 
NWPL publications are informed as to the proper 
manner of .doing so. Among the things that the 





ate entry of changes 
f^ecessary to ensure 
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Figure 9-3.^ CUSTODY FILE Catalog Card 
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C^IANOE ^NTRV CERTIFICAUON 1 RETURN TO NAVAL WARFARE 
OPNAV 5070)»I2 CREV. \.75) ' V^PUBLICATlONS LIBRARY 


%HOflT TITLE 

4 


COPY NO. 


CHANGE OR CORRECTION - 


REMARKS 








'# • 

■V. » 






/ ctrtify that the above change or correction has beeri entvred and the list ol 
9fttctiv9 ps^ei wtf checked against the contents of tpe basic pubhcation, and the 
superuded psgas tnd residue of the change were returned to the Naval Warfare 
Pubfictt ions Library ^ 


NOTE: Missing pages or other defects should be reported in the REMARKS 
i/MCf above ^ , 


SIGNATURE 


ENTRY DATE 


pArT 2 / 
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COPY NO. 


CHANGE OR CORRECTION 
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clerk and all holdqrs must be aware of when 
changes- are . elite red are: 



Figure 9-4.— 



^ ^ 76.134 
Change Entry Certification 
Form . 



V 



Check the tjhange' Foreword or Letter of 
prbmulgatioo for the effective date^ of the chahge 
and ensure that the publication to be gorrected * 
is effective. < ^ ' ♦ 

2. .Completely read the specific instructi^s 
contained in the chguige or' correction^ before ^ 
beginning th^entrju ^ 

3. Use any flark ink, EXCEPT RED, for ' 
pen-and-ink entries. Red is not visible under 
red night lights used at sea,.» • 

m 

4. Len^hy pen-and-ink corrections should be 
typed in on a pasted- in cutout; (All superseded 
matter should be deleted in ink prior lo inserting' 
the cutout). 

V 5. Use flaps when no room eitlsts for k 
cutout. (When i\sed, fliaps should be /attached. to 
the bifid^r side of the iM^ge.) ' ^ 

6. For pasting, use rubber cement or mucilag© 
in lieu of glue or gumm^ic} tape. 

7. .After pen-and7ink corrections, a notation 
should be made in 'the margin adjacent to the 
entry, citing the eoutqe of *the correction, e.g., 
'•Alcom 7-76". . 

^ Upon completion of entry of page changes, 
a page <iheck should be conducted and recafded 
in the **Record of Changes arid Corrections''; 

qprfections tQ.^NWPL publications are 
promulgated by message wWeft -the material re- 
qufres rajpidjr dissemination. Tbese numerical 
• message coriect^ (NM<^s) laxe normlsdly Sjerit - 
as basegraln&'jiJMCs art^ assigned a two'number 
ilesignation ^&f)ai^fed bjr A dant feign. The first 
number indi15jfces\^ sdquential^Mumber of the 
message coj^^^tiop .to the original or re^vised 
AublicatfDn, 'The last number is theprinled change 
wliich will incorporate^he material. Fpr ex- 
ample, NMC 7/3 is the 7th message c^i:rection 
^ndrCvill be incorporated into the publication by 
printed change numfier 3. / r ' 



Watch-To-Watch 
lovfef^jtory 



For positive conjFol of NWPL publica- 
tions, a ' watch-to-watch inventory should be 
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used. The inventory format is left to the^disr 
cretion oU the individual command. A usable 
example is giv6n inV NTP 4. At the change of 
each watch, the watches will jointly cotiduct 

J a sight inventory of every publication, r Some 
loose-leaf publications require ' a page , check 
at the^ change pf the watch in addition to the 

'^^ sight iriventory. The sighing of the watch-to- 
watch inventory by the relieving wa,tch certifies 
that the publications w^re sighted, the required 
page checks were conducted, and that the re- 
lieving watchstander i$ responsible for them. 
Any discrepancies shoul]i be resolved prior to 
"fslieving of the wjttijn. All signature in the 
watch-to-watch 'inventory must 'be in ink^and 
the inventory may\ be destroyed after 30 days 
provided they are nb longer needed . fgr, local 
referen^je. If watch-to-watch Inventories are 
hot required aboard ship, a daily inventory is 
required. ' ^ 



Extracts 



When authorized b^ the Forefword or 



different ways, byt all must conforjrv to the 
necesstties spelled out in communications op- 
^erating instructi6ns and NWPL publications'liiat 
apply to these procedures. i ' 

Every message handled by a shipr or ~ 
station is placed 'in one or more, files. Some 
files aj:e maintained by all ships and stations, 
still others are optional and are maintained only 
to fill the- need of a particular ship or station. 
The following is a lipt yof the basic files main- 
tained by all aommunicatioh centerar ' ^ 

^ 1. Communication Center Filer^Often re-r 
ferred to as the **Com'mCenter" file, it contains 
h copy or filler of every message sent or re- 
ceived by thej cqmmand and processed by the 
communication center. Messages or fillers in 
the ComihCentef me' ^should be filed in date- 
time group' (DTQ^I order to facilitate speed of 
location*" of messages. Those messages that do V 
not have date-time, groups should be filed behind 
messages for the same date, ♦ 

2, Crypto-Center File — Contains ^ copy of 



Letter of Promulgation of a^publicatiijiT, extracts each TOP SECRET or. SPECAT (Special Catej > 
may be made to dt^eminftte ^hformation. Ex-, gpryj message and such messages, of any clas/ 
tracts mo^t.be assigned a' classification* based sifi,cation that' the coijimand designates for special 
upon ' their contents. In other words, the clas- privacy, or handling. Messages are filed in DTG 
sification assigned to an extract is the tiighest , order and may be physically subdivided to comply 
assigned)^ the articles, i^aragraphs, page, or ,with stowage requirements for classified matter. 

Fillers for all .messages filed in the crypto- 
center file *are placed in the communication 
center file. ' 



pages frt3m which the inforfnation is takeno 



Receiviilg N'CW or 
Revi^d Publications . 

^ ' ^^^^ 

When n6w or revised publications axe 

received, the. Foxewt^rci and the .U.S. better 
of Promulgation should lie checked' for the.ef-* 
fectiye status of the publication. The Foreword 
shows the effective status of the\publi cation f6r 
Allied usage and the U^S. Letter of Promul- 
gation for U.»S. JAse. If a revision Is promul- 
gated -to the publication that is effective for 
U.S, but not for Allied, particula(r care should 
be taken not to destroy the previous ediiion 
until the new- revision is effective for. allied use 
as well. 

; BASIC COMMUNI(?^TI^N 
CENTER files' /T / 

/' 

Maintaining accurate files and records 
^^nd observing proper procedures. ^contribute to 
^an efficient' shipboard iOr shore ""communication 
orgariization.v^lt shoula be noted that differq^it 
ships and stations mdy do basic things in slightly 



3. General Message File — Contains a copy. 
<rOi all general messcC^s that require retention 

by the command. This file is subdivided ac- 
cording • to the individual titles of the general 
messages, e.g.; ALNAV, ALCOM, etc. General 
message files are filed in serial numbefi^rder. 
Like all message-;jiles, the general message 
file may be segregi^ted according' to security 
classification or stowed and Recounted for in ' 
accordance with the highest classiS'(4^ion mes- ' 
* s^g^' contfidned within It. 

4. Broadcast' File — Contains aC. copy, or' 
filler. of every message received via the broad- 
cast me^thod. Segregated stowage according to / 
classification' is not required foiC this file be- 
cause itr is ipaintained 'sequentially according 
to broadcast number and destroyed aftei* ten 

^ The importance of well V^t flips and 

r of cooperation among the wa^ixyjis watek sec- 
tions to keep them that ' way p^not Be bver- 
ei^iphasized. Becavise of repeated reference to 
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previously sent message traffic, all messages 
should^ be easfly anil quickly locatable. Always 
return ,a messaget to the same file from which 
iC was removed ' and in the proper order of 
filing. When removing a message from > file, 
Insert a filler^ in- its place. The fijller should 
list the True date-time grouj^ (TDTG), th^ mes- 
sage* originator information, as te Where the 
iries^a^ roay be located, and th^ personal sign 
of tl^ person removiiig the jpessage from the 
file and complpting^ the filler. 

Except for the' general message-' file, 
-any or all of the cotnmunications' center files 
may 1t)e combined for ease of stowage, referencing 
and filing. The primEury condition here is that 
separate stowage^ be a^orded TOP SECRET 
messages, and in most cases, SPECAT/ More 
^failed ^information regar^ng proper adminis- 
^^atioI|-c^d retention periods of comnnunication 
center files is containeej iq KTP^. 

Communications^ogs^ ^ 

A communication log is aP con^nupus 
record of everything that happens 9n a com-/ 
munication net or circuit. It can also^be a 
record of all, noteworthy events durhig a Mom- 
irfunications watch. " t - 



It is never permissible to erase an entry 
in any communication log^^ Necessary changes 
to communication logs ar^made by drawing a' 
single, distinct line through me original entry 
and indicating the change next to it. The op- 
- eyatoV or supervisor , making the change must 
initi^^all such changes. It is desirable that a 
log be 'as neat as -possible and absolutely nec- 
essary that all' logs be complete and totally 
accurate. 

Supex visor Log . ' 

The supervisor's log is normally a type- 
written record of all significant events occurring 
dKiidng^e communications watch. The log covers 
an •'entire'^ radio day, cbnomen^ng at 00012. 
Because of the permanent and official i^ator^ 
of the supervisor's log, only standard terminology 
must* be used for entries. The us^ of prescribed, 
authorized^ abbreviations ^ is permissible^ ar^^ 
Idlows short concise entries so long as the 
abbreviationj^ are commonly understood. Slang 
expressions and operator jargon shalt not be 
used \n log entries. Depending uponUocal re- 
quirerb^rfts, entries a^e*nisually mad^ in the 



superviso/'s log at least once an hour, re- 
capping the over- all ^raffic And oircuit con- 
(Jition^.^ J / . , 



nal ^gns 




A personal sign is\ two or more leher 
Identification,' usually the person's initials, and 
identifies his work on all^logs and records. A 
personal, sign' may be regarded as your **signa- 
ture". ^our personal sign is never transmitted 
oyer communication circuits, but*they are sent 
aV the end of each transmission over order-wire 
circuits. The chief requirement, regarding per- 
•sonal signs is that they*' must be legible. 



DISPOSAL OF PILES 
AND LOGS 



^11 coyimunication files, logs, and re- 
ports are destroyed .in accordance with the 
provisions set forth in SECNAVINST P5215.5' 
seried^ and NTP 4. Proper disposal of these 
files and logs is a ^ust and should be con- 
scientiously carried out,, when required. The . 
oajy exception .to the disposal periodicity is 
as follows for njessages: t 

1. Messages incident to distress. or 
Retain for at least 3 years. 

; - : 

2. Messages incident to or involy^d^in any 
claim or complaint of whicn\the command has< 
been notified Retain for at least 2 years 
or until the complaint or" claim has been fully 
satisfied, whicherer is later, 

. ' ^ - J 

3. IVl^ssages of hi^tvical br continuing in- 
terest - Retain permanently. 




COMMUNICATION 
TRAINING REQUIREMENTS 



i 
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Wherever yoxx go, as a third or secon 
class RM9 you will find a ne^ssity'' to learn 
new things and new m^thbds as ^ell as varia- 
tions upon many things^that you already Igww. 
Thus, communication training progi^^s are nec- 
essary to ensure that the maJdinum number 

' ^ '. / r 
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* of personnel are sufficiently trained to handle 
any and all communications situations, in peace^ 
time^ as well as comlia^situations. Never forget, 
trainfitg programs ^e not desigpec} to simply 
takfif up 'tiipe and fill i,n . the working radio 
day; they are ^rtieant to foster and reinforce 
the knowledge of the individual so that he c^ 
contribute" to the connbat ri^diness of the ship A 
or station, save lives, ana aid the overall de- 
fence posture of the Armed Forces^ 

A command achieves maximum communi- 
Qation effectiveness when all personnel afe 
thoroxighly trainee! and qualified in installed, ■ 
systems. As a third ot sec^d-class Jnvolve.d in 
the communication -division training; you wiJLl 
find that the overall provisions for g^neVal^ 
training and advancemeiu ar^ contained in the., 
division or_^deR{L^tmen^^Long Range training 
Program, TheilDAg Range Training \Program 
"Includes all tr^ning for all communication per- 
sonnel; both in cLnd out of irate. You will fiod 
that an e8senti|J pfart-of \every training program 
is the effecti^^ cross-training of pCTspnnel^in 
functional areas, so that all f(adiomCT/are cfuali- 
fied to 'assume, as many;, duties a/B^p6§&ible in- 
communication spajces. This is accoifipUshed by 

* peViodically rotating personnel/'airo;)mig ample 
tiftie for basic^checic-out prior to being re- 
located in that parti(?d!lar job. 



Comrnuntcations Checks 
and Inspections 



V 



i V 



V' 



In addition to comxnynicatlon training ' 
programs, periodic inspections are made of 
communication personnel to determine their prxi:^ * 
fessional proficiency. These checks,^ or inspec- 
tions, may be initiated by ^the command or they 
m^.'be initiated by an outside activity. They 
tfiiy 6e scheduled or^Onschetlulecl. An example 
of \a scheduled check would be the yearly 
reguiued visit by ^ one of the Naval Security 
Groupf (NAVSECGRUs). An example^ of aa, un- 
scheduled inspeqjion would be a periodic orill 
administered by • the Leading Chlfef to determine* • 
on-watch readiness aipid operator proficiency. 
All inspections and checks usually cover per- 
sonnel efficiency QJid performance in all areas 
in^ which they, ar^trained, circuit operation by 
communiQiition j)^rsonneJ'^' and informal fizzes, ^ 
normally ora|L^l3ritl^ are' normally ^a par^ of 
every inspeQtlpn yr cheeky thus requiring* ap- 
plication of supposed knowledge that^ is ;*on 
piiper"» ThereforS, , whether the fetandpo^t 6t 
an, inspection, or ^ **real-world'' situa&oi), de^^ 
riving m^^dmum benefit from the ti:aiuing pro- • 
gram aids tnie^^ndividual as well as all -others 
concernedo ' ' 
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CHAPTER 10 
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COMMUNICATIONS SECURITY 



many other wofds^the wbrd **8ecurity" 
has rbore^than one tnQaning. The general d^i- 
nltiOD of saoiirity * ''the stfeguardlng 
of ol^UBBified material 'and, inforiDation". Coip- 
rouniCA^oi^fl , Security (abbreviated^OMSEC) en- 
conDpft006^ this general definition and further 
iqjplier^ttidse^ general guidelines to the s^urity 
of comnouHications in jpi^tlcuhir. Jn the^ first- 
f part of tfaip chapter ^ we will talk about ^security 
in geibral. Lat^r, under its own heading, we 
wllT cover CommunicatipnB Security, 'its defi- 
nitionf and how it differs from general security 
g^idelihes. 

The eecurlty- of the United States in general, 
and of nayal operations in particular, depends - 
in'part upon ^ euccess attained in safeguarding 
*cla8^ied information. Every Radioman must 
be security conscious *to the point that Aerci sing 
proper discretion in the discharge of all dutiq,s 
Is automatic "and not something separate and 
apart from other matters. During their 'daily 
^ork^ routiM^ Radiomen learn informatioi^t)f 
vital importance to the cnilitary arid^ to the 
nation. Vast wnounts of intelligence carried in 
messages handled by naval communications pass 
through the baxids of Radiomen at^some point. 
Much of this data, if available to our real and 
potao^al enemies, would enable them to learn 
much of the/ strength and intent of U. S. forces 
and gather a wealth of technical information 
relating to the procedures and operations of the 
United States Navy. 

Radiomen have a two-fojd job conce^mlhg 
security.-' TBte first, of course/ is tb properly^ 
discharge «^heir duties pertaining to^ geijp/al^ 
security guidelines which pertain to everyone in 
every official capacity.' Secondly, Radiomen must 
also discharge their duties in such a manner 
as to protect the integrity and overall value 
of aacure communications. Naturally, much' of 
the message traffic and publications handled and / 
studied by Radiomen deal with communications 
matters. Their content must be protected because 



the more an enj^my knows* about oi^r communi- 
cations, the better his chances of deriving in*^ 
telligence from them^ There have beeh.instance^ 
in which a potential enetny has obtained valuable 
information sim))ly because those persons guard- 
ing it (fid ,n6t fully .understand and appreciate 
what would constitute information of interest to 
a foreign power. - ' 

THE DANGER OF ESPIONAGE ^ 

Mo^t nations, even in peacetime, maintcdn 
espionage organizations of varying size and 
scope for the purpose of seeking information 
regarding known or -potential enemies. The ac- 
tivities of these organizations have ^ways been 
among the greatest hazards to security. 

Espionage is no longer an undertaking by 
a relatively •ew well-trained, isolated spies 
attempting to obtain military or naval informa- 
tion from high-ranking officers. It is a mass 
effort employed in all fie^ds (military, political, 
economic, social, and cultural) by t)^ou8ands of 
people in **minor " positions. Successful espionage; 
depends upon statistical accumulation and slow,| 
methodical compilation of seemingly insignificant 1 
bits and pieces of information until the' total 1 
of it all tells a story. A single word or phrase 
used by someone In a seemingly harmless con- 
versation may prove to be an important piece 
in the * 'jigsaw puzzle" the enemy is putting 
together. 

During war or an extreme crisis, ah enemy 
agent's primary objectives are to obtain and 
report as much valuable information as pqs- 
sible and to assist his government by spread- 
ing false reports, committing sabotagei, directing 
invading forces, crippling key industries and 
utilities, seizing communication centers, ex- 
ploiting vulnerable areas of defense, and un- 
dermining morale. Needless to say, it is not 
exaggerated to say that, even in peacetime, 
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9D6]Dy espionage organizations pjjesent a serious 
t)u:eat to a nation's security. 

The Navy is a potential source of valuably 
information, and unceasing, systemutic attempts 
to elicit that source is in constant progress. 
The methods that may Ije uped are many and 
varied:' Plantlhg agents within the naval eB- 
tablishxnent, photographing of stealing classified 
docmnents, tapping telephones ^and lines, at- 
tacking codes and ciphers, and analyzing com- 
0)unicati''ons personnel when off duty. Although 
bits of information obtained through these means 
ofteo appear harmless^ thfey prove to be# of, 
real value when subjected to expert and purppse- 
fiil anjdysis combined ; with other /r agents 
of information from various sources. The nec- 
essity for unceasing yigilfiuice and maximum 
preventive measures on the part of all naval 
personnel and Radiometi ccmnot be too strongly 
emphasized. Security is a means, not ap dnd. 
Rules that govern security of information ,do 
not atte)inpt to meet every^'conteivable situatipn. 
With a proper command iI\doctrination^progra^l, 
it isWssible to teach- the minimum guidelines, 
instill proper security attitudes in all personnel, 
and obtain a satisifactory degree of secrecy 
with a minimum of sacrifices. 



SECURITY CONTROL 
RESPONSIBILITY 



AND 



The Chief of Naval Operations exercises con- 
trol over all policies relating to the maintenance 
of the security of classified matter in the Navy 
and Marine Corps. The Commander, Naval In- 
telligence Command, owing to the close relation- 
ship of counterintelligence and preservation of 
security, is the officer primarily responsible 
to Cl^O for the promulgation of policies that 
relate to security of classified matter. The CNO 
has delegated to the Commander, Naval Security 
Group Command (COMNA VSECGRU) the authority 
for administering the Navy communications ^se- 
curity program. 

*In order to provide for the proper Indoctri- 
nation of all personnel charged with the re- 
sponsibility for safeguarding classified matter, 
the Chief of Naval Operations has Issued In- 
structions that are necessary for^ the proper 
administration of the security system. Those 
instructions are contained in the effective edition 
of the Department of the Navy INFORMATION 
SECURITY . PROGR/VM REGULATION (OPNAV 
INSTRUCTION 5510.1). 



SECURITY CLASSIFICATION 
CATEGORIES „ ^ , 

Recently, a major change was implemented 
in the classifying and declassifying of Security 
information pronpulgated within the Department 
of Defense. The objectives of the new system are 
to achieve the following: 

1. Las.o„,c,..i^o™.Lwt^.Ia.smad. 

2. More official information will be declas- 
sified. 

3. Classified m'aterial will be better proj- 
'tected.^ - , ^ 



Each person named as a ^'classifying au- 
thority'' is held accountable for the accuracy 
and necessity of the classification assigned by 
that person. Unnecessary clas^f icati on aHd over- 
classification is to' be^ avoided. Classification 
must be solely on the basis of national security 
considerations. Iiiformation is not supposed to be 
classified in order to conceal inefftciency or 
administrative error, prevent embarrassment 
to a person or department, restrain competition 
or independent initiative, pr to prevent for any 
other reason the release of information which 
does not require protection in the interest of 
national security. 

Official information or material which, re- 
quires protection against unauthorized disclosure 
In the interest of national security is to be 
classified in one of three categories, TOP - 
SECRET, SECRET, or CONFIDENTIAL, depend- 
ing upon the degree of its significance to national 
security. No other categories are to be used to 
identify official information or material requiring 
protection in the interest of national security, 
except as otherwise provided by statute. Defi- 
nitions and examples of each of the. three cate- 
gories appear in the following paragraphs. 

/■ 

Top Secret * \ 

' *Top SeOret' ' refers to that national se- 
curity information or material which requires 
the highest degree of protection. The test for - 
assigning Top Secret classification shall be 
whether Its unauthorized disclosure could reason- 
ably be expected to cause exceptionally grave 
damage to the national security. Examples of 
> exceptionally grave damage are disclosures that 
would lead to; 

1. Armed hostilities against the United States. 

2. Compromise of vital national defense plans. 
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3. Compromise of, complex cryptologlc and 
c6mmunicatlons intelligence systems. 

This list is not all-lncluslve, but It does show/ 
'the relative degree of Information that^WouJd 
fall into this category. The classification of 
**Top Secret" must be used with the utmost 
reetraint. 

Secret/ 

The classification Secret' ' refers to that 
national -security information or material that 
requires a substantial degree of protection. The 
criteria foy assigning Secret classification shadl 
be whether its unauthorized '''disclosure could 
reasonably be expected to cause serious damage 
tO' the nfi^tional security,. The compromise of 
significant scientific or technological develop- 
ments relating to nationad security would be 
examples of **serious damage". The classifica- 
tion Secret must be sparingly^ used. 

yClnrfi^ntial 

The classification / ^Confidential" refers to 
that national security information or material 
which requires protection. The test foi^^ssigning 
this classification Shall be whether its unau- 
thorized disclosure could reasonably be expected 
to cause ^amage to the national security. 

.SPECIAL MARKINGS 

.^<, In addition to the three security classification 
categories, other markings also appear on docu- 
ments and messages. Among these markings 
' are such desi^ations as RESTRICTED DATA, 
NOFORN. LIMDIS, EFTO and FOUO, and 
SPECAT. Include^d in the ^^special markings" 
category are those associated with the Inter- 
national Treaty Organizations, such as NATO, 
CENTO, and SEATO. 

Restricted Data 

The term ''Restricted Data" means all data 
concerning the design, manufacture, and/or uti- 
lization of nuclear weapons. Also included in 
this category is the special nuclear material 
used ki the production of energy. Included in 
the restricted data category is the term **Form- 
erly Restricted Data". This sub-category pertains 
to defense information which has been removed 
from the Restricted Data category and cannot 



ibe released to foreign nationals except luider 
specific international agreement. 

NOFORN 

The **NOFORN" designation means that a 
determination has-been mad^ that tiie informa- 
tion is not Mleasable in any form to foreign 
governments/xne abbrevlatioa NOFORN, which 
means **No Foreign Dissem", may be used only • 
in messages and in automatic data processing 
of intelligence information. This designation, in 
long or short form, is not used ifi any other 
sense or on other than intelligence information. 
The absence of this designation is^not to be 
construed as authorization to disseminate in- 
formation to foreign^ nationals. 

LIMDIS 

The designation **LIMDIS" (meaning limited 
ci^stribution) is used tp limit distribution of 
copies of such messages to those personnel 
specifically authorized to have access to that 
information oA^ a need-to-know basis. 

EFTO and FOUO 

Certain categories of unclassified ^mec$;sages 
must be designated EFTO (Encrypt for Trans- 
mission Only) and given cryptographic protec- 
tion ^uring transmission. EFTO is not ' used - 
as protjection for messages containing classified 
information; such messages shall be appropri- 
ately classified. 

FOUO (For Official Use Only) messages 
are certain categories of official Information 
which require some degree of protection for 
the good of public interest, but are not safe- 
guarded by a classification category in* tlie 
interest of national security. There are several 
markings combining EFTO and FOUO. For ex- 
ample, FOUO information which is to be trans- 
mitted outside CONUS is marked **EFTO". . 
The first words of the text will be marked^ 
^^UNCLAS EFTO FOUO". Bear in mind, however, | 
that because informatton is FOUO, if is not 
automatically EFTO, and vice versa. As pre- 
viously mentioned, EFTO Is atransmission mark- 
ing for unclassified messages; FOUO markings 
define a certain category of information re- 
quiring special handling. Neither is a security 
classification; both are special (handling desig- 
nations. More detailed information on EFTO 
and FOUO markings can be found, in NNVP 4. 
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SPECAT 

The marking .*UBPECAT'' means ^'special 
category" and requires special handling pro- 
•cedures in addition to the security classifica- 
tion assigned, l^rocessing of thi6 type of 
information is restricted to only those personnel 
authorized to view it as approved by the com- 
manding officer, in writing. Types of informa- 
tion asslgne^ this marking can be found in NWP 

Markings of Intertiational 
Treaty Organizations 

Defense information of a classified nature 
furnished to the United States or to naval com- 
munications by^ foreign government or inter- 
national treal^ organization is assigned a 
classificatiOTT which will assure a degree of 
protection equivalent to, or greater than,i that 
required by the government or international 
organisation which furnished the information. 
Examples of international treaty organizations 
are NATO, CENTO, and SEATO. 

In general, foreign security classifications 
parallel U.S. classifications. However, many 
foreign governments and international treaty 
organizations use a fourth security classifica- 
tion: ''RESTRICTED". Information designated 
Restricted indicates in English the name of 
the foreign government or organization of origin 
prior to the word Restricted. For example; 
**UK - RESTRICT EDV or **NATO - 
RESTRICTED''. Materials in this category are 
treated as Confidential. Equivalent security 
markings as compared to those of the U.S. 
are contained in OPNAVINST 5510.1( ). 

GENERAL DECLASSIFICATION 
SCHEDULE 

Unless specifically exempted, classified in- 
formation and material is assigned a date or 
event on- which tt^will be downgraded and de- 
classified. This downgrading and declassification 
is done in accordance with the General De- 
classification Schedule as described in the fol- 
lowing paragraphs. 

Top Secret 

Top Secriet information and material is down- 
graded to Secret two calend^ir years after origi- 
nation, downgraded to Confidential four years 
after origination, and declassified ten years 



after origination. For example, a document clas- 
sified Top Secret on 2 February 1976 will 
automatically be downgraded to Secret on 31 
December 1978, downgraded to. Confmential on- 
31 December 1980, ,and declassified Ion 31 De- 
cember 1986.. 

Secret- 
Information and material qriginsdly classified 
Secret is automatically downgraded to Confiden- 
tial at the end of, the second full calendar 
year in which it was originated, and declassified 
at the end of the eighth full calendar yeat fol- 
lowing the year in which it was' originated. For 
example, a document classified Secret on 26 
May 1976 will be downgraded to Confidential 
on 31 December 1978 and declassified on 31 
December 1984. 

Confidential 

Confidential information and material is de- 
classified at the end of the sixth full calendar 
year following the year in which it was origi- 
nated. For example, a message originally clas- 
sified Confidential on 16 July 1976 will be 
automatically declassified oh 31 December 1982. 

Exemptions From The General 
Declassification Schedule 

In some instances, certain classified infor- 
mation or material may warrant some degree 
of protection against unauthorized disclosure for 
a period of time exceeding that provided in 
the General Declassification Schedule. However, 
although the provision is made for such instances, 
it is a category that is used sparingly and must 
fall into one of the four categories listed in 
OPNAVINST 5510. 1( ). In addition, whenever 
broad categories of Top Secret inform ati on ^are 
to be placed into one of the exemption categories, 
specific permission must be obtained from the 
Director of Naval Intelligence (DNI), 

Declassification Markings 
on Messages 

^ As a Radioman, you will need to be familiar 
with various message markings. Learning all of 
the markings and their meanings requires much 
study and experience. However, one of the more 
recent changes to message markings involves 
the placement of downgrading and declassifica- 
tion markings into the body of a naval message. 
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General Marking Requirements 



It **ADS^ ( )»» - Far messages ^assighffd to 
th^Advanced Declassification Schedule. For ex- 
ample, a message bearihg the r^arking *\aDS 
(26\May 76) indicates that the message 'will be 
declassified on 26 May 1976. Advanced DetJlas-' 
i&lfication is used whenever the information con- 
talneq^ in the message need not be classified fpr 
the periods of time specified under the General 
Declassification System. \ 

2. **GDS ( y\^- For messages assigned ti^ 
the General Declassification Schedule. For, ex-^ 
ample, a messf^ bearing thp marking **GDS( 84)*' 
indicates that the message will be ^ieclassified 
at the end of the calendar year 19«4. ^ ^ 

3. **XGDS ()()''- For messages exempted 
from the General Declassification Schedule. The 
first parentheses contain the exemption category 
from OPNAVINST^ 5510.1( ). The second paren- 
theses ^contain the last two digits of the cadendar 
year in .which the message is to be declassified. 
The second parentheses are not always used 
because it is hot always known how long the 
material will require exemption from declas- 
sification. For example, ^'XGDS (02) (84)'' in- 
dicates that the message is exempted from the 
General Declassification Schedule, falls under * 
exemption category 2, and \^11 be declassified 
at the end oi the calendar year 1984. / 

4. *'XCL ( )'* - For messages that have been 
reviewed and re-marked, and that previously 
bore the Group 1, 2, and 3 markings. Examples 
of these elder markings are **GPl, GP2, GP3''. 
GPl and GP2 marked, materials were normally 
ex9luded from automatic downgrading and de- 
classification. GP3 material was automatically 
downgraded but, not automatically declassified. 
Normally, GPl and GPp materials would bear 
the *TCGDS'' marking, but, because they were 
previously marked under the older system, they " 
bear the marking ''XCL". Thismarkingidentifies 
the mate^rial as having been reviewed. The' 
parentheses identify all Group 3 material i\Sx 
has been revie>Ved and a date for downgrading 
determined. For example, the marking **XCL 
(84)" means that the material is formerly '*Group" 
marked, is GP3 material, and will be downgraded 
at the end of the calendar year 1984. 

Complete information on the marking and re- 
marking of classified massages is contained in 
OPNAVINST 5510.1( ). . ' ' 
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Classified documents and 
tain identifiable classified 
clearly and ccmspicuously m 
special markings such as 
RESTRICTED DATA, etc. 
near the classification > m 



rial which con- 
fma^ion must^ be 
ked. In addition, 
^^OFORfJ, • LitoS, 
e normally placed 
Markings re- 



king. 

quired for classified material s6rve to inform 
and wa^n recipients of the classification as- 
signed, indicate the level' of protection required, 
and identify that ,inforjna)uon which must be with- 
held from unauthorized pSrsons. " 

^dlasaificatiqn markings of TOP SECRET, 
SECRET, and CONFIDENTIAL ghall be stamped, 
printed, or written in capital letters (not typing 
al9ne) that are larger than those in the 

text of the document', and,.^ when practicable, red 
in color. . 

All Reproductions or copies of x)lassified ma- 
terials, regardless of form^ shall bear clearly 
legible security classification marlj:ings and no- 
tations in the same manner as -on the original 
material from which they are copied or repro- 
duced. It "Should' b§ noted here that copying equip- 
ment does not always clearly repiroduce all 
colors of ink or marginal ima^ges. Therefore, If 
the reproduction process does not clearly re- 
produce the security markings .appearing'on the 
original copy, such markings shall "be stainpedon 
all copies in the ssune positions :and size re- 
quired for the original. | , • . 

Paragraph markings are commonplace and are 
found immediately preceding and to the left 
of the part involved. The symbols ^denoting 
paragraphvclassification are (TS) for Top Secret,' 
(S) for Secret, (^) for Confidential,, and JU) 
for Unclassified. When appropriate, the symbolis^ 
(RD) for Restricted Data and (FRD) for Formerly 
Restricted Data are used. It is notxincommon to 
see foreign originated information in U.^. docu-^ 
ments and indicated as such next to the ap- 
plicable paragraphs or parts. For example, 
*'U.K,(C)'' or **NATO(S)'\ , 

Titles and subjects are classified according 
to their content, standing alone, regardless of 
the overall classification of the document. Nor- 
mally, the initifflsr-of- the classification assigned 
to a ■ titlQ or subject are indicated in the paren--^ 
theses immediately following the item. For ex-, 
ample, BASIC OPERA TIONAl. COMMUNICA- 
TIONS DOCTRINE (U); Complete information 
on paragraph, sub-paragraph, document mark- 
ing, etco is contained in OPNAVINST 5510.1( ). 
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AREA'S 



( 




arent spaces on-board ship ;and t 

areas within *a shore activity may have vaiying 
degrees of security Impilortance depending upon 
their purpose and the nature of the work, ih- 
forination, or 'nraterials concerned. To meet 
this situation] ami, at the same time, facilitate 
operations and simplify the . security system 
require the application of restrictions, controls, 
and protective measures commensurate with these 
v/urying' degrees of security importeince. In some 
.cases, the entire area of an activity may have 
a uniform degree of security importance re- 
quiring only one lev^l of restriction and con- 
trol. In others, differences in the relative degree 
of security importance will require total segrega- 
tion of ship*s spaces or activity areas. 
, In order to meet the varying needs of the 
dififerent levels of security sensitivity, three 
different types of security areas are used: 
'EXCLUSION, LIMITED, and CONTROLLED. 
These three areas provide a relatively effective 
and efficient basis for applying varying degrees 
of restriction de^diing with access, control of 
moveinent, and the fype of protection' requirfed.^ 
The various security areas are defined as follows : 

1. EXCLUSION AREA - AH: area containing 
cliafesified information or matferial which is of 
§uch a nature that mere access to the- area 
constitutes, for all practical purposes, access 
to such infont)ation,or material. ^ . . 

- .2. LIMITED AREA. - An area qpntaimng 
* classified information or m&terial and in which 
uncontrolled movement would permit access to 
such information or material, *jut an ;area In 
which- ^Gc^ss may be prevented by escort and 
_other internal restrictions ahd controls. 
^ 3, CONTROLLED AREA y' P^n area within 
which uncontrolled movement does not permit 
^*aCGesfe'to classified information or material, and 
^Whiph is used- principally for providing adminis- 
r traflve control, safety, or a buffer area of se- 
\ b^ity restriction for limited or exclusion area's. 

*^^^ c V^'the exception of exclusion areas,, se- 
rea^ are not alway: jp • od in such a 
jto determine their relative sensi- 
^ar words, controlled areas are not 
^ -^t^ed with a sign saying *'ControU,ed 
. ^tXiTsUch areas (Exclusion, Limited, Con- 

'trblled) axe normally marked by #igns reading 
*'REST|ttCTED AREA - KEEI^-GUT - AUTHOR- 
IZEp PERSONNEL ONLY**. In areas where a 
language other than English is prevalent, the 



\^^a^ning notices are rendered in both English 
and.the l^cal, legal, language(s)., 




Access Bad^s \ > * . . \ 

To, provide 5he degree of security required 
for *acces6 to particular security areas,, a pass 
or badge idehtifiqation system is normally es- 
tablished at each'' command to facilitate control 
of movement. Control of movement within the 
area is normally monitored by a security guaxd(s) 
or operating^jeMonnel by requiring the display 
or presentation, of the badge for that particular 
area. 

Access and Disseminatton > 

In addition to holding a proper security 
clear^ce, the requirement that classified in- 
formation be limited strictly to those persons 
whose official- military or government duties 
require knowledge or possession is simply termed 
as ''need to. know**. You will find the term ''need 
to know^* used frequently in communications. 
This term should always be evident whenever 
you are dealing/ with' Q.ccess to or dissemination 
of classified informa)l<5h or ma,terial. ^ 

Admitting unauthortz^d personnel to com- 
munications spaces is a topic of major concern 
to a ..Radiorri any Merely because a person has 
a badge does not necessarily mean that he has 
access or the"need to know*'. This is es- 
pecially important since access to communica-^ 
tions spaces under operating conditions usually 
/perroits viewing of classified operational traffic 
/ and "equipment. In addition to the much-used 
^ badge identification system,', admission of per- 
sonnel to communication spaces is granted only 
to those personnel whose names appear on a 
proper access , list. Access lists are posted at 
the entrance to communication SRace^'^d are 
signed , ai^d approved by the 90mm anding officer. 
Admission of persons other than those on the 
access list is subject to the specific' approval, 
of the commanding officer or his designated 
re pre se ntati ve . 

persons not on 4 the access list, but who 
have been specifically granted permission by 
the commanding officer for entry, are escorted 
or supervised at all times while in comn^unica- 
tion spaces. Though not classified, access lists 
are handled "with the seme degree of security 
required for the particular area to which they, 
pertain. 

The fin^ responsibility for determining 
whether a person is granted access rests- upon 
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the indi victual. No amount of written rules or 
'governing statutes can replace Individual Initia- 
tive and common sen^e. Finally, nd one has 
*a right to access based solely upon rank or 
position. ' 

Handling and stowage of 

CLASSIFIED material 

Wlthiti each command, specific control and 
acQOuntabllity procedures are established to pro- 
vide readily available information on classified 
material. Such information includes what clas- 
sified Information or material has been re- 
ceived, what classified material has been 
produced, who has custody, and what disposition 
has been made of the material. 

To control classified information with maxi- 
mum efficiency, the commanding officer desig- 
nates a Command Security Manager, usually 
an officer.* In addition, the commanding officer' 
usually^ appoints a Top Secret Control Officer 
(TSCOy. The Top Secret Control Officer is 
normally subordinate to the Command Security 
Manager. If a separate person is not assigned 
each duty, one person may be assigned to per- 
form Ihe duties of both. The - duties of the 
Secnrity Manager and the TbCQ are governed 

by the rules outlined in'oPNAVlNST 5510. 1( ). 

"I 

Handling of Top Se6ret 
Material 

■ Although administrative records are main- 
tained for each classification otetegory, a more 
strict control system is rec^ired for Top Secret 
material. 

Except for ( publications containing a distri- 
bution list by copy number, all, copies of each 
Top Secret document and ^ach item of Top 
Secret equipment are numbered seri-ally at 
time of origination: 

Copy No. of Copies. 

Each page of a Top Secret message not con- 
taining a 11 st bf ef f ecti ve p age s ( LO E P) is 
numbered: 

Page of pages. 

7*- 

Top Secret documents have a list of -effective 
pages and a page-cheojc page. 

Top Secret docurpents may |fe reproduced 
in whole or in part only with the permission 



of the originator or higher authority. All re- 
produced copies are-^ numbered serially and re- . 
corded with the TSCO so as to maintain complete ) 
accountability. The copy numbers of reproduced/ 
copies should, maintain a relationship, with the 
original document. For example. If a command 
holds copy No. K^to a Top Secret, dooument 
and reproduces two; additional copies, the latter 
mlgh't beV identified .as **C6py ^No. 12/1 of 2 ^ 
copies'V and **Copy No. 12/2 of 2 copies**. 

A continuous chain of receipts for Top Secret 
material ma^rtNbe maintained. Moreover, a record 
of disclosure iqr ,Top Secret material, using 
OPNAV Fprm 5511-13, is attached to each docu- 
ment that circulates within' a command or ac- 
tivity. Every person having knowledge of the 
contents of the TS "dck;ument must sign the at- 
tached record of disclosure. 

Every command is required to establish 
administrative procedures for reccjrding all Se- 
cret material originated and *. received. These 
administrative procedures as a minimum, must 
include system of accountably^ for Secret mat- 
ter distributed or routed within the command. 
Additionally* as a minimum, ev^ry command must 
maintain a|systexn^'which wiU'provide for p?:o- 
tection of all Confidential material originated 
or received. ' ^ 

CUSTODIANS OF CLASSIFIED 
MATERIAL . . 

^n r individual who has possession of , or is 
charpfed with the responsibility for safeguarding 
and /accounting for classified material or In- 
Jforriiation is referred to as the custodian'' of 
that materlf^>^pr information. That person is 
said to have **custody'' of the mcfterial or in- 
formation. ' V 

Whenever you are the custwO m of classified 
material, you- ar6^^ j^^sponsibl^ ^ oviding pro- 
tection and accountability at . * ' ,,os and partic- 
ularly fox^ locking, classlfi^ aterial in the 
approprlqy security container ^never Jt is not 
in use oj^^der direct super visioi . 

Care During Working 

Hours ' , y 

Each Individual must take precautions to 
prevent access to classified information by un- 
authorized persons. Among the precautions to 
be followed are: 

1. When removed from storage for working 
purposes, . classified documents are -to be kept 
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ander constant surveillance and face, down, or 
30vered when not in use. • ;^ 

2, Preliminary drafts, carbon shefet&,- plates, 
sfencils, stenographic notes, worksheets, and all 
Biinilar iteims , containing classified information 
must 'be either (1) destroyed by the person 
responsible for tiieir preparation immediat^y 
after t,hey have served their purpose, or (2) oe 
given the same cla-sslfi cation and safeguarded 
in the same manner as the classified material 
produced from them, 

3. Typewriter ribbons used in typing clas- 
sified material are protected ip all respects in 
the. samel manner as the highest level of clas- 
sification for which they Imve been so used. 
When destruction is necessart, it is accomplished 
in the mfitnner prescribed for classified working 
papers of the same classification. After the upjgier 
and iQwer sections have been cycled through 
jihe machine five times in the course of regular 
typing, all fabric ril^bons sCre considered un7 
classified. Carbon apd plastic typewriter .ribbons 
laid carbon paper which have been used in the 
production c^^classif ied information are destroyed 
In the same manner prescribed for working 
papers of the same classification after initial 
usage. * 



Care After Working Hours 

At the close of each watch or working day, 
all classified material that must be passed from 
watch to watch is properly inventoried and custody 
is then transferred to the relieving watch super- 
visor. All other classified material must be 
locked up, A system of security checks at t' 
close of each working day is the l>est meth 
t^ -e that all classified mate^ A held is 
propt^riy protected. The custodian of the ma- 
terial should make an inspection which ensures 
as a minimum that: 

1. All classified material is stored in the 
manner prescribed. 

2. Burn bags are properly stored or de- 
stroyed. 

3. The contents of wastebaskets which con- 
tain classified material have been properly stored 
or destroyed, 

4. Classified shorthand notes, carbon paper, 
carbon and plastic typewriter ribbons, rough 
drafts, and similar papers have been properly 
stored or destroyed. As a matter of routine, 
such items should be placed in burn bags im- 
mediately after they have served their purpose. 



Stowage of Classified Material 

All classified matter not in actual use must 
be stowed in a manner that will guarantee its 
protection. The exact nature of security require- 
ments ydepends on a thorough security evaluation 
of local conditions and circuinstances. Also, the 
degree of protection necessary depends on the 
claBsification category, quantity, and^cope of the 
material involved. Normally, the type and' extent 
of physical protection required are determined 
before an activity begins its 4ay-to-day or 
watch-to-watch routine, and it is very, likely 
that an appropriate physical security program 
is already in eff^ct when you report aboard. 
Details concerning physic^ security^ standards 
and requirements which s^rve as*^ a guide for 
determining the kind and degree of physical 
protection necessary for classified information 
are contained in th^ applicable edition of OP- 
NAVINST 5510.1( ), 

Whenever you secure classified material in 
safes, habitually rotate "the dial of all combi- 
nation locks at least four complete' turns in the 
same direction. If dials are given only a quick 
twist, it is possible to open the lock tjy tur;iing 
the dial in the opposite direction. 

All safes and cabinets which contain ^clas- 
sified matter that are found open and uJ^at 
tended should be reported to the senior d 
officer. Do not touch the container or content^ 
but guard them until the duty officer ajrrives. 
The duty officer then assumes responsibility 
for such further actions jls locking the safe, 
recnlli^ *bt: i^sponsible person or persons, 
^^i'^^ailir ity violation to the com- 
^ custodian must hold an 
iiveut^xj the contents of the safe 
jport any loss to the commanding officer. 



C binations ^ - 

Combinations to safes containing classified 
material are made available only to those per- 
sons whose duties require access to them. The 
combinations of safes containing classified in- 
formation must be changed at least every 12 
months, unless more frequent change is dictated 
by the type material stored within-,, Combinations 
must also be changed: • " \ 

1, When placed in use after procurement, 

2. Whenever an individual knowing the com- 
bination is transferred, discharged, ' o^ reas- 
signed from the element to which the security 
container is assigned, or the security clearance 
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of am, individual knowing the conlbination Is 
Adduced* .suspended, or revoked by proper au- 
/thorlty. ^ r 

3. ^heri the combination or the \ record of 
the combination has been -compromlked or the 
securitjt. container has been discovereo unlocked 
and unattended. \ 

The combination of a security container used 
for ' stowage of classified material isTasslgned 
a security classification equal to the highest 
category of classified' material authorized to be 
stored therein. Records of combinations are 
sealed in an envelope and'^^dpt on -ile In a 
ifentral location designated by the commanding 
officer. ^ \ 

IJEST RUCTION OF CLASSIFIED \ 
MATERIAL ' \ 

_^pestructlon oKsuperseded and obsolete \clas* 
sff led materials that have served their purpose 
is termed routine destruction. Classified! ma- 
terial that is no longer requftsed should not be 
allowed to accumulate. There are specifics di- 
rectives that authorize the routine destruction 
of publlbations, message files, and certain crypto 
materfals. These directives, should be carefully 
studied acd become part of the Radioman^s store 
of knowledge in order to properly comply in"* 
all cases. Additionally, the letter of promul- 
gation of publications often aet disposition 
instructions regarding destrucu .equiremenis 
foi: that publication. Other materials, such as 
classified rough drafts, worksheets, and similar 
items, are destroyed as necessary to prevent 
their excessive accuinulatlQn. 

fop Secret, Secret, and Confl^ntlal ma- 
terial may be destroyed by burni", pulping, 
pulverizing, or shredding, provided the destruc- 
tion is complete and that reconstruction will 
be impossible. The most efficient rpethod of 
destroying combustible material Is by burning. 

As a third or second class pet^ officer, 
you wlU more than likely either assist in or 
supervise the burning of classified material. 
Every member of a burn detail should know 
exactly what is to be burned and should double 
check each item before it is burned. To pro- 
vide accountability of the burn bags, the bags 
are numbered (or at least, counted) prior to 
being removed from the work spaces. The super- 
visor of the burn is provided a log or checkoff 
list which lists the number of bags to be burned. 
At the destruction felte, each bag is checked 
off the list as it is destroyed. Tp facilitate 
complete destruction «of bound publications, the 



pages, must be torn apart and crumpled before 
being placed in bags. All material must be 
Walched until it is completely consumed^ The 
ashes must be broken up and scattered so that 
no i^craps esfeape destruction. When no Incln- 
eratfoit is available, which is often the case 
abofiuw ship, jclassified material may be burned 
in a perforafted metkl drum or container with 
8? cover of wire netting.) 

ShreddersNmay be/ljsed aboard ships at sea 
where incineratcoL^facilities are not available 
under the following conditions: 

1. Tj[e maximum shred width allowed shall 
be 1/32 of an inch. ^ 

2. Cryptom ate rial sha^l be Intermixed with 
at least an equal amount of other material 
(classified or unclassified) prioj^^t^jj shredding. 

3. The material is th6n disfposei^of by jet- 
tisoning at a time ^^d. place^ where recovery 
by hostile forces 'is consid^ped by the com- 
manding officer to be unlikely. 

/ Proper destruction of classified material is 
accomplished 'in the presence of two witnessing 
officials.' Witnessing officials must have a se- 
curity clearance of at least as high as the cate- 
gory of material being destroyed, and thejt must 
be thoroughly ^nmiliar with the regulations and 
procedures fo if c guarding and destroying clas- 
sified Information. 

An ,accurp.te record of destruction of -clas- 
sified material is as Important as the destruc- 
tion Itself. Proper accounting procedures, 
together with accurate records of .destruction, 
provide official Information as to the status of 
classified material. Records of destruction are 
required for Top Secret and Secret material 
and shall be dated and signed by the witnessing 
officials unless the material has l^een placed in 
burn bags for central disposal. In that case, the 
destruction record shall be signed by the wit- 
nessing officials at the time the material, is 
placed in the burn bags. Records of destruction 
shall be' maintained for a minimum of two years 
after which they may be destroyed. * 

Emergency Plans 

Emergency plans are developed by each com- 
mand in order to provide for the protection,* 
removal, or destruction of classified material. 
Needless to say, emergency plans are tiailored 
to fit the needs of that particular command, 
so there is no ''right'" way of developing a* 
usable one. The primary requirement is that 
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tbaee plans adequately ^prpvlde for rapid and 
complete disposition of^the classified material 
held by the corDiDand. Emergehcy plans should 
be developed t6 coveiv three areas of emer- 
genoiesr ^ y 

1. Nattural Disasters te.gM hurricanes). 

2. Civil Disturbance (e.g., rioting). 

3. Enemy Action. 

Emergency plans should provide for the pro-' 
tection of. classified information and material 
in such a manner as to minimize the risk of 
loss /of life or injury to personnel. This can 
be uccomplished in several" ways whenever the 
emerffenc^ plan is implemented: 

1. The coordinated and expeditious execu- 
tion of the pl4h itself. , 

2. Perimeter, preln$tracted **guard'' person- 
nel at various positions'In affepted areas, trained 
to prevent the removal" of classified material 
by unauthorized personnel. 

.3. Periodic ^revie\y knd constructive update 
of emergency plans in order to provide for the 

Cafety of personnel and classified material. 
■' NVhenever the emergency plan is implemented 
for the purpose' of material destruction, you will 
normally find the following required priorities 
assigned to material to be destroyed: 

1. Fli^T P^UORITY - Communication Se- 
curity (COMSEC) material and classified, com- 
gonentB of equipnient. 

* 2. SECOND I^OBITY— Top Secret special 
access material, theii.pther Top Secret material. 

3. THIRD PRipRITY - Secret special acceas 
material, then other Secret material. 

^ 4. FOURTH PRIORITY - Confidential special 
"ticcess materialf then other Coiifidential ma- 
terial. 

5. FIFTH PRIORITY - Urrolassified equip- 
ment which cotQd be of use to the enemy to- 
'gether with pertinent technical, descriptive, and 
operating instructions. 



Fire Plans 

Jn^ addition to emergency plans, a plan of 
action in the event of ftre is also a necessity. 
As with emergency plans, it is imperative that 



all communications personnel familiarize them- 
selves with the command ^Tfre" plan. Normally,^ 
the fire plan iilcludee provisions for: , - * 

^ • ■ . * , 

!• Local firerfighting apparatus and perso;i- 
n^.to V^an th6 equipment. ' ^ 

2. Evacuation^ of the arpa, including whelffier 
to store, or remove classified material freta/ 
the area. 

3., Admitting outside fire-fffehterd^ lato the 
area. ' , / 

Precti^onary Actions • r . - 

Needless to say, the fewer.actions necessary 
in emergencies, thq better off you*ar.e. There- 
fore, all that can be done^ befojfe an emer- 
. gency occurs s^ou^d be done. For example: 

• 1. All superseded , material sho.uld be de;^ 
stroyed immediately after super^sslon. 

2. Only the ijiti^mum amoimt of classified 
material should be held^l^y a command, corisist- 
ent with its needs. 

3. Unnecessary material fihoxUd be turned in, 
to the issuing agencies. 

4. Material should be stored in such a way 
as to make' it readily accessible and easy to 
reach for renj^oval during destruction* ^ 

Sometimes, the commanding officer has been 
previously informed of a pending disaster, civil 
action, or enemy threat and has ample time to 
prepare'. In such cases, * 'Precautionary De- 
structions" are held. ** precautionary" destruc- 
tions are accomplished in order to reduce tl\e 
amount of classified mlitjarial on hand in* t}i^ 
event emergency destruction later becomes Rgp" 
essaryjwDestniotion priorities remidn the saine 
during precautioiMtry action. Howe^jier, when pre- 
cautionary destructions are held, that material 
essential to communit»iti6iis must be held and 
not destroyed. For exattiple, communications 
operating procedures and publlcjations that are 
to become effective in the near future, iLn3\thqse 
that are already effective and used on a pon- 
tinuing basis and are necessary to basic op- 
erations would noi be destroyed. 



COMMUNICATIONS SECURITY 
(COT^ISEC) ' / 



Naturally, security guideliivps contained in 
app^cable publications; su<^ as ' OPNAVINST 
5510.1( ), must*^ bd compll^ with by everyone. 
Thesd guidelines are mpilmuin stamdards auid 
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must bd eompUedvWith, a^d all oth^ security/ p^^^iu^ COMPROMISE is said to" Have 
y piTPcedures start there./ , , • odcJurred. A -Compromise normaUy results irom 

p Yourjob often deals in fery sensitive subj6ct^ a violation of one of the rules and standards 
matter that i-e^fes speciajl security procedures , goveshed ejkch of the previously mentf onec>areas 



' ai\dr precautionfcv It is.foiS this Keaspo that; we of CC 

have Jte .tetm **Commuhications SeAuftty^' (COM- i .It 

^^'^^ nnaj^y^direcUves ai^d Ve^Srire- example, the terms **GdMSEC Information'' and 

snt^tlmy^al sp^cific^ly with ct>A>muri^^ .**CQMSEC ^Material". COMSEC Information: ifi^ 



ihe Vea- of COMSEC, it is injportant Jo 
undeifetand the diffetence' in terminology— rfor 



SECjvWithW the 'fram^>Xeorl^ of ooAsrftxmicatibns 
' '6epritlty* * - ' -^ 
me 

• TDflt^T*in1 ^ 1 . - ^ a _ TT « _ __ — ^ . 

: _ • / \ , V eludes all information^ concerning corpmunica- 

Cornmimications feeci^:ity js defihed^as *^The tioris securitj^ and all material associated With 
< protection resulting from all measures designed the secunty or auth/^ticSty of telecomm 
to Idei^y unauthorized persona information of tions. ^COMSEC Material includes all doc 
valCia which ^might^ be derived from the posses- ■ 
*sion and study of • telecommunications". That 
definition can g^so be extende^d to include all 
_ efforts to mislead unauthorized perfeons in their 
- iilterpretatiohA of Jthe\ refiiults of their posses^ 
"sion and -study. Jfti sum ^tal', the overall effort 
to protect^ the • integrity IfeLnd validity of ou 



es- 



!umic^r 



c<tmmui\fcaltions c^ufl^rqa^ty; 
COM§EC includes: ) 



.1. Cryptosecurity. 

2. Transmission ^edurity. 

3. Emission security. 

4. physical security of cbmmunicaUons 
curity materials and information. 



se- 



Tha r^ated definitions of the four are^s^o 
COMS.EC aje as follows: > ^ ) 

. 1. Cryptosecurity - That security resultirig 
from ^Iie provision of technically ^oui;id crypto- 
systems and their proper use. 

2. Transmission Security - That security 
' r^f^lting from all me asures*de signed to .protect 
^^/Wansmission frojD interception and exploitation 
by. means other than cr'yptoanalysis, (e.g., mes- 
senger; approved wire cirpuits, Oi:jdinary mail, 
radio). \ 



devld^s, equipment, or apparatus used 
tablishing and maint^nine secure com; 
tions. Therefore, it can feaid thafe-€very thing 
can be considered ^'information?', wftereas **ma>- 
terijal" is a relatively physical definition. /it 
may seem Jto be a fairly Insignificant point, 
^but in COMSEC there are'^ftrery. precise defi- 
i>mtions that define separate categories with nec- 
•j^aary clarity. The categSlries of COMSEC are 
m.any and all deal with tce security of^com- 
munications or related items. Most often, the 
Information- kn(3wrn or tlie Aiaterial used is highly 
classified and yan prove very )ii^mful tg the 
national def ense\ ef fo6:tf if compromised. More 
than simply defining the four categories of 
COMSEC, the related'items and cate^^es must 
also be ^efir^^d.^A of-^he items and sub- 
categories txe defined and explained in this 
chapter, although they are not all-inclusive. 
Complete terfes, areas, items, and sub- 
categorie.s can befound in the applicable edi- 
tions of KAG Jr; CMS 4, and N4iie>< The 
foUowing is alist df defiriUloris and explana- 
tions involving some of^ tfie" more commonly * 
used terms in communications securit^ £hat 
you will use often in your career as a Radioman. 
'^.^ , ■ 

COMSEC Material Control 
(CiVtS) System 



. 3. ^jl^ssion Security 
'resuiffiPffrc 



^ ^ That security which 
ffrom all efforts to deny our enemies 
interception and analysis of compromising ema- 
nations from cryptoequipment and telecommuni- 
cations equippaent. 



4. Physical Security 



is designed to prevent COMSEC information from 
being physically lost,- exposed, or possibly ex- 
posed to an unauthorized person. 

Aaytime an unauthorized person or persons 
g%in access to classified information requiring 



The CMS system is a system designed to 
ensure the prpppr, distribution, handling, con- 
trol, ar?d security of C€)MSEC material used 
tb* maintain tl;e cryptographic security of 
Communications throughout * the - naval iestab- 
Ushment. Consequently, the materfal governed 
That security whicht by CMS procedures consists of highly sensitive. 



classified material and less sensitive but xe- 
lated material. With t^e correct '.usage of thifi 
system, the integrity and' security of COMSEC 
material can be maintdiped. Proceduires govern- 
ing this system can b59 found in the applicable 
edition of CMS 4. 
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Accoiii^abllity Legend) 

^ . • • , • ^ \. 

- •AD' accountability xlegend (abbreviated AL) is ' 

. a nuipber that is assijjned^ COMSEC rfiaterial^ 
W gfOverns ithe ^method Jpy which that material 
rriust^^ ^accounted for. For ex^unplp, a piece 
fir Co5lS5C' material th^!^ is assigned the ac- 
countafcll/ly l^nd (written AL J.) is af- 

forded a/differeAH«ndling pEocedure with regard - 
Ur Stowage and )pl^ot€^^^ than, say; % piece 
ot COlftMiC^matiprial tearing t^e accountability ' 
le^nd ••4^'^^Wl'i,tten AL '4),. Accountability leg- 
ends, their ^efinitiona ^d handling requirements. 



in the applicable edition of CMS. 4, the governing 
pub for the entire system. \ ^ 

iAs a Radioman, you will be required to learn 
'and r understand all' of ^ the more detailed pro- - 
cedures >^d processes involved in cry^tographle ^ 
opeYations., These procedures and ^ associated • 
equipments are governed by many strict rbles 
and ^standards. In order to later graspTAe - 
significance of cryptographic operations and then*' 
importance, ypu.mUst first understand the de- 



ends, their ^eflnitlona tod handling requirements, iined^elecneiits of CRYPTO and the more common 
. are co^tainled In the appfifcable edition ofeCMS 4. ^gagSs in terminology, | \- /. 




'Holders 



thit 



Every command tha^ haS';a CMS account is= 
assigned a nuni)^r^,,correspon(^ng to that ac- 
''co^nt. By lo^ijkg sl command Jor activity which 
has an ^account number, ^it. me^s that^that 
particular oommanjj re^pives its COMSEC ma- 
terial directly^ from -national .and Navy clistri- 
bution source;^ However, a ^'Holder" in the 
CM^ ' System is defined as any command or 
activity that is ?Luthorized to draw and hold 
COMSEC material. / Naturally, ^ t)nce held, an 
account number is assigned^ to tl^t command. 

A CMS *'Local Holder** ia a coixiraand or 
activity whose COMSEC material neet^s can be 
met by drawing the material.from a single CM& 
"^account ot a local c^tody basis. In otheiTwords, 
if a shid drew all of its COMSEC material 
from a cemral account maintained by the Squad- 
ron Commi^der, ,the ship would then become 
a * 'local holder*'. 

A CMS ''Responsible User" is pormally 
someone within the command who signs for the 
CMS material on a local custody basis and is 
then responsible for its proper handling and 
use. For exill^ple, the Operations Officer may 



Cryptomate^ial ^ 

' The ^-ten?i ryptomate^al'*' refers to fill 
material including; documents, .device*, or ap-. A 
paratus, that coii^ains crypto-lnformMion. The ^ 
material must further fbe essential to the en- - 
cryption, decryption, or authefiiticition of tele- 
commuiilcations. (jryptomateriat is^ always 
classified and is normally maiked **^YPTO'*^ 
The <term **CRYPTO" is no/ a security cl^ 
sificatrion; it simply denotee-^that thd material^ 
requires special cofiside^^Etlon with respect to- 
. accefisi storacge, and^handling. , 




Crypt^r^ated Information < 

Crypjtorelated information may be classified 
^or ui^mssified and is formally associated with 
cryptomaterial but is not significantly descrip- 
tive of it; In other words, it dops. not describe 
a technique %x processi a system or equipment 
functions and capflftilities. Related info];-matioh is 
not marked **CRYPTO" -and is not subject to 
the special safeguards normally associated with 
^ i!bypto-inf or m ation . . ' 



need several j^OMSEC publications to aid in hi^ CT| 
departmental efforts. He would receive the ma-wWypto-lnformation 



terialwfrom the CMS Custodian by bfficially 
signing for it and, therefore, assuming all re- 
sponsibility for it. He is considered a **re^ 
sponsible user". 

Within the CMS System, there are many 
" terms that are important to personnel who 
maints^in and use the tools of it. The terms 
previously defined are only a few of the more 
commonly used pne»f Needless to say, time and 

listing them all here. A 
of |ach and every area 
CMS System is contained 



space preclude ^Ol 
thorough discussioi 
and t^rm .used in tl 



Crypto-information is alway^Ussified. This 
typ^^of information normally cofl^ms the Sn- 
cwption or decryption process of a qryptos^stem. 
It is normally identified by the * marking 
**CRYPTO'' and is subject to all of^the spe- 
cial safeguards required by that marking. 

t?ryptosystem , ^ , ' ^ 

The term ''cryptosystem" encompasses all 
of the asso(S^ted items of cryptomaterial that 
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are used 'together to provide tf^ single meiins 
, .a§ encryptitn and decryption. 
/ Needleris to say, all iteiiis of a relate^ nature 
^hat comttrne to form a s^tem must be given 
the et^lKJiest security. Any failure, whether it 
^b© equipipent^or operator, which tfdv^rsely af- 
fects 'the security of a cryptQsystem, is c^led 
a **crTOto-in'securiy'V, ' 

C^tpomaterial- which supplies equipment set- 
» tings 'and ai*ran|{©me.nts or whiclids used directly 
4n the encryption" and decryption process, is\ 
' called **KEYING ]VfAtKRIAL^V Keying material 
is afforded thd highest proteatjon andN|iandling' 
precautions of all information-^dmaterrial within 
ajcryptbsystem. Keying material's always given 
priority in, the 'event ofy^implementatilSn of the 
emer^ncy pl^, whether precautionary or emer- 
gency. . , 



Cryptoyar^ables 



r 



• A crypto variable i* an element of a^crypto- 
system that directly ^fects the encr^ji^ion and 
decryption process. These variables ar^ divided 
into two types: Primary and secondary. A pri- 

* mary * orypto variable is the m<;;^fet readily and 
frequently changed^element of a cryptosystem,. 

, A sepondary cryptwariable is one which per- 
mits change of circuit operation without altering 
tile basic equipment. A secondary crypto variable 
must al^o be uead in conjunction with appropriate 
prisnfciry vsiriables. ' * * 

CRYPTOGRAPHIC DUTY 

The commanding officer is the person re- 
sponsible for ensuring that personnel ar^ 
thof ougbly trained and certified as qualified for 
cryptographic duties. This training may be ac- 
coi»f)lished thi*6ugh formal cryptographic school- 
ing or . through * 'on-the-job'' training which is^ 
^^l^ormally provided by the com^pand's COMSEC 
officer. No member c^the medlpal\ dental, medi- 
cal service,' nurse, chaplain, or h<tepital corps 
.'^toay be attligned to duty that involve a-therp^oces- 
sing ot^essage traffic in classified communica- 
tions spaces. 



( 



Operator Requirements 



as well as ensuring that they- meet the followiftg- 
minimal qualifications: ' 

1. That they be properly cleareiivfor access 
to the material with' which they will be working. 

2. That tljey have normal eyesight andmanual • 
dexterity. ^ , \ 

» 3. That they are authorized by the command- 
ing officer to perform cryptodiities in his com- 
"land. * ^ , 



4. That they ap^ iamiliar with local crypto- 
icddures. ^ ^ • * , 



procedures. 

General and ^ecific ^ 
CryptosystelDS y^, ■ _ ^ 

I In the course of your cryptographic (iitles,^ , 
you 'will sometimes ne.ar tn^ terms '^genereil'^ 
and **specific'' applied to some cryptosystem$, 
A gene^ajr cryp^system' ^ one which consists 
of a basic principle arid mettod of operation ; 
regardless 6f the cryptomate^ials employed. In 
other wprds, regardleas of the types of ma- 
terials or elements,^ed, the ^method of bp- 
oration, will always • ^ the same^ whether 
Encrypting, dfeorypting, or atithenUcating. 
' A specific cryptosystem is one within a gen- 
eral system that is necessary and confined to 
actual encryption, decryption, or authentication. 
These systems are identified by the short and 
long titles of their variables. 

COMSEC \)ESTRUCTION ^ , . 

In addition to the requi^nients discusse^ in. 
the effective edition of OPNAVINST 5510.1'( ), 
the priorities and methods of destruction of 
COMSEC material are also discussed at length 
in KAG I and CMS 4. It is because of the ex- 
treme sensitivity of COMSEC material that sepa- 
rate, more detailed guidelines regarding stowage 
aiid destructioh are written. As a third or 
second-class ^Radioman, you will becqirre inti- 
mately i^^volved with the procedures igoVerning 
both in your daily routine, whether Ushore or 
at sea. The communication c^^ter destruction 
plaii is usually very detailed and concise, out-^ 
lining destruction' actions ^n a billet-by-billet 
basis. 



. ' ' ' '7 \ COMSEcf Destruction Prioritlefi 

The COMSEC offitjer is responsibW for en- ^- 
suring that cryptographic operators receive the COMSEC mater^i which will need to b§ de- 

basic training^ necessary to thes§ operations, stroyed in an emei^gency can be divided into 
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three oategorie^; 

V !• Keying material. 
' •2# COMSEC documents^ 
)MSEC equipmeftts. 




Plan should edw^ys provide for one of thred" 
options, depending upon the situation; 

1. Securing the material, - • < 

2. Removing the material, or 

3. Destrjying the material..' 



"The ^ most sensitive, ,of course, is keying 
material.. ^Keying B^Scte^ial is always desti:oyed 
first,, but in a distinct order, as follows;^ , ' 

!• Superceded 
2, Reserve 
*• 3f Effective ' ^ 




^hen to ch90se which course, of action should 
be stated in the overall plah. FW. example, if 
there is a local civil uprising' wlipfch appears 
to be short lived,, destroying att msiterial wcuild 
probably! not be. necedc^y. In tKis" situl^tion, 
a |)artial destruction of the more 8efisjtiy0. 
superseded material rnlght beimpl0manteaiso4ne 
. / r . of"^ the re5r>aining .materiat removed, *aiu^the 

The%oost s^sitive keying inaterial is that which rest secured. In any- case, th^/comman^g of-^ 
has been uied' to encrypt traffic. ,Nor^allyr\ ficei> will- pormally,: inaplement the emergency 



'this keyihg material is siroerceded, ^d if 
falls Into *enemy hands, all past traffic .inter-., 
cepted by tilaeirf would then be Subject to compro- 
mise and analyeie. 

\ Ne:d^ in th6 order of destructidn is keyinjgi 
material which will become effective within th^ 
next thirty days. After this is accomplished, tb 
remaining keying material is then tiestroye 

L should be noted thai in lining up keying mi 
ial forv destruction. Top Secret material should 
be placed ahead of Secret, Secret ahead 'of 
Confidential, etc. This applies to all of the cate- 
goires of keying material. 

Included uhdefr the pategoiy ol COMSEC docu- 
ments, are crypto-eguipment maintenance man-, 
^als, operating inst|R)tions, general pub^cations, 
such a6 KAG 1» status publications, h^ers lists 
and directories^ etc. These documents contain 
useful infortnation cpncernlng the types of crypto- 
equipment6 we use, the level of technology we 
have attained, and the way our COMSEC op- 
erations are organized and conducted. 

In emergencies, the immediate goal with • 
regard to crypto-equipment is to render the 
equipment unusable and unrepairable, so as to 
deny the enemy a useful piece of equipment. 
The operating and technical manuals for crypto- 
-equipiA^nts detail the techniques for rapid and 
effective destruction of them. 

The emergency destruction of all COMSEC 
material and infprmation would be a v^ry 'de- 
tailed operation. .Primary in this operation, 
of Course, is the already-discussed keying ma- 
terial. Th^ remaining priorities after the keying 
material are treated in detail in the effective 
•'^1/0^1^ <A CMS 4 and KAG 1. 

(dfestruction plan itself is contained in 
^the over'all "Emergency Plan' \ The Emergency 



'plan. Should the * situation prevent contact with 
the commanding ofiticer,^ sevei-kl othey rd^ponsi- 
bl9 individual ' 6uch >as the CQMSfiC Wficejp' , 
or ^COMSECi^-otistotiiup arje^ usually empowered 
to implement the emergency plto. 

EMISSION, contrq;. (emCon) V 

EMCON is defined as the conti:6l of all 
electromagriietic radiations. At times, the op- 
erational requirement may demand that all elec- 
tromagnetic radiations be kept to a minimum, 
consistent with operational necessity. Once im- 
posed, general or specific rest^ctions ixiay b^ 
added to the EMCON order, depending ^upon the 
operational, intelligence, or technical factors for 
tiie area affected. - 

The most secure communications methods' 
during EMCON reduce (but do not eliminate) 
thte possibility of identification. It is assumed 
that any electromagnetic radiation will be im- • 
mediately detected and the position of the ti^anS^ 
mittihg ship will be fixed by the enemy. Dekailedy 
information concerning the implementation of > 
EMCON and its degree of adjustment are founds 
in NWP 33. * 

It^/EACONING, INTERFERENCE, 
MMMING, and INXRUSION (MIJI) ^ 

The term **MijI'' is actually comprised of, 
four different ones. Each term within MIJI ha's-^ 
a separate and distinct definition, with separate 
methods of combatting each. It is a term in- 
tended to cover all of , the basfc types of inter- 
ference that you arje likely to experience in 
a given situation. ^ ^ ' ^ " 
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Meaconing is defined as the. interception 
and tebroadoist of beifcon signals. These sig- 
nals are rebrbadcast on the received frequency 
to oodhisa enexny navigation. Consecmentlyi air- 
oraft or ground 8tati|||s are giveirinaccurat^ 
IparlnffS. Meaconing iB more of a concern to 
personnei .in navigaUonal ratings than to you 
as a Radioman. However, comiDunicationB trans- 
noittors' are often used to transmit navigational 
signals and . are operated by communioations' 
perifquiel who must know how to deal with any 

^ooinmunicatifin- situation re$ulting from mea-, 
ooning. ; * . f 

Interference is norm|illy -a non-deliberate 
intrusion upon;a circuit/ind may be defined as 
any Electrical 'idisturbanoe which causes unde%r- 
aUe responses in ele^onlc equipment. **Harm- 
fiil'*.infertSrence\may De defined as any emission, 
radialion, or InAiption which endangers the func- 

' tionitng -of ,a rad^o navigation service or rffdio 
communications service that is operating ^n 
aOfOOrdance with international regulations. For 
cbmmuniCatibti purposes, the term **inter-r 
ference*' ^is that type of interference which 
precludes the effective Jise^of a frequency. It 
cjpes not include interaerence'^at 'is merely 
an annoyance. 

JamnUng is defined as the delib&vata use of 
electro^^fcjjnetic sigiials^^ with the object of im- 
pairing conTmunication circuits. The types of 
jamming are: / ~ 

* y 

1. Random -ke^ed 
2m ContinuoUfiT wave 

3. - • Sweep- thriugh 

4. '*Stepped-^es (Bagpipes) 
' . 5. Spark 

6. Rotary . . 

The methods of jainming may include the in- 
troduction of sinj^at0d traffic, r^dom Jioise, 
or a contijiuous carrifiir. 

Intrusion is defined as any atteppt by the 
enemy to enter the U.S, or Allied communica- 
tions systems and simulate our traffic in order 
to confuse and deceive. ^ 

The more effective metho'ds of dealing with 
each of the types of interference contained 
in the term **MIJ1", are contained in the ef- 
fective editions of NTP 4 and NVf P^3. 

AUTHENTICATION 

J Authentication is a security measure de- 
signed to protect a communications or commeind 



system- against fraudulent transmissions or simu- 
lation. In cOmmunical^dns, only those approved 
authentication' system's \msiy be used, ACP 122 
sets forth the situation^ when authenticatton is 
either mandatory or merely ietdvlsable. 

SECURITY VERSUS SP^ED . . 

in communications, a variable relationship 
exists between security and spped. For exampltfj 
in the planning stages of an operation when very 
few people are informed as to the plan, security 
is paramount. As the time of execution ap- 
proaches^ additional personnel must know of the 
plan, and preparations' cannot be Concealed so 
effectively. Then, speed becomes increasingly, 
important. In combat situations, the relation- 
ship between security and speed will vary, de- 
pending upon operationtfl considerations^ For 
example, if it w^p of paramount importance that 
a Top Secret message be sent over non-approved 
wire lines in order to facilitate an operation 
with minimum loss of lives, the operational 
commandi^r might decide that the speed nec- 
essity overrides security considerations, ^ 

NAVAL SECURITY GROUPS 
(NAVSECGRUs) 

Within the general COMSB^^ganization, 
it can be said that the Chief-olinMa Operations, 
(CNC5) has the overall authority for COMSEC 
policy in the naval establishment. Naturally, 
the COMSEC program is only one of many that 
the office of the Chief of Naval Operations must 
oversee. Thereforep the specific responsibilities 
for implementation and administration, of large 
programs (such _^>8^0MSEC) are overseen by 
specific agencies within the office of the CNO. 
This particular job is handled by the Commander, i 
Naval Security Group Command (COMNAVSEC- 
<5RU). COMNAVSECGRU reports direcUy to the 
CNO in all matters relating to the implementa- 
tion and administration of all programs relating - 
to COMSEC. 

Within the COMSEC Organizationp commands 
are required to have a COMSEC visit at 
least once * a year. These visits ax^ held on 
an informal basis isind provide on-the-spot advice 
and guidance to communications and noncommuni- 
cations personnel who operate voice radio equip- 
ment or handle COMSEC material/ Primary 
femphasis during these visits is placed upon 
identification and correction of common com- 
munications problems^ Overriding attention is 
placed upon spotting insecure COMSEC practices 
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and procedures and alerting personndt to com- 
iDunicationB vulnerabillUes. These COMSEC 
visits ard administered by the local Naval, Se- 
curity Gi'cmp (NAVSECGRU). A NAVSECGRU 
may be a separate entity or may be part of 
a nearby NAVCOMMSTA, In any event, they 
perform the baaic mission of COMNAVSECGRU 
in adminiBte^nnff the COMSEC prograni first 
hand. 'Requeste'^for these informal visits are 
sent directly to the appropriate NAVCOMMSTA 
orl^A VSECGRU acUvlty. Although COMSEC visits 
are onty required once a year, it is good practice 
to schedule them more frequently. 

NATIONAL SECURITY 
AGENCY (NSA) 

Whereas COMNAVSECGRU acts as the prin- 
ciple agent for the CNO in mqst COMSEC mat- 
ters, the National Security Agency (NSA) acts 
in behtflf of the Secretary of Defense. The NSA. 
is considered the government's executive agent 
in these matters, the primary difference be- 
tween them and COMNAVSECGRU being that 
NSA acts in reference to. all branches of the 
military involved in COMSEC matters. 

Although the duties^ of NSA and COMNAV- 
SECGRU parallel and overlap each other in 
many ways, the NSA clearly hks a broader base 
of responsibility. To outline or list the many 
responsibilities would be lengthy and tedious. 
Suffice to say, the responsibilities of the NSA 
can be found in the applicable editions of KAG 1 
and CMS 4. Of particular importance to com- 
^nimications personnel handling COMSEC ma- 
terial is thefaqt.that NSA prescribes or approves 
all cryptographic systems and techniques used 
in any manner. This includes the doctrine and 
• procedures governing their operation or use. 
It ' ^dflo includ6s> any requests for change ov 
modification to any cryptographic equipments 
or p^odedures. The NSA also produces or ap- 
prov6s the production of all cryptomaterial used 
;by the departments and agencies of the U,S. 
Gov6rnment. \ 

COMMUNICATION CENTER 
VISITOR'S LOG 

Normally, entry to a secure communications 
space or facility will be limited to persons 
"'Whose names appear on an officially promul- 
gated entrance (or access) list. Persons seeking 
entry must be identified and Shall b^ admitted 
only If tbeir names appear on this list or if 
they have been specifically authorized admittance 



by a competent authority. Under no circum- 
stanced are personnel admitted to the facility 
merely because they are known to assigned 
communications personnel. 

A register (or log) is used to record the 
arrival and departure of authorized personnel 
whose names do not appear on the access list. 
According to the effective edition of KAG It 
the following column headings are recommended 
for visitor's logs; 

1. Date 

2. Visitor's signature 

3. fUmk or Grade ' 

4. Organization Represented 

5. Purpose of visit 

6. Signature of authority authorizing visit. 

7. Time in and Time out. 



PERSONAL SEdURITTir 
CENSORSHIP 



Security Violations result from bad personal 
habits, security Indifference (apathy), occupa- 
tional fatigue, or ignorance of established regu- 
lations. Whenever security violations occur in 
installations located in foreign countries, they 
become moje serious due to an activity's greater 
vulnerability to hostile exploitation. With respect 
to COMSEC, much could be lost. 

If a specific type of security violation is 
repeated, it is usually an indication of a bad 
habit. Bad security habits are usually the re- 
sult of convenience, haste, or a developed pat- 
tern of carelessness in the daily handling of 
classified infornlation and documents. 

No one in the Navy is authorized to handle 
any classified material except that required in 
the performance of duty. All other persons 
, are unauthorized, regardless of their grade, 
duties, or clearance. 

If it is known, or even suspected, that clas- 
sified material has been lost, or that unau- 
thorized persons have had access to it, tl^Q^ 
material is said to be compromised. Th^ seri- 
ousness of the compromise depends on the nature 
of the classified material and the extent to which 
the unauthorized person may divulge or m.ake 
use of what he has learned. 

A Radioman, or for that matter any person 
iti the Navy, should report any security viola- 
tion or compromise" to his immediate superior, 
" or. any jother person in authority. Failure to 
promptly report any and all cases may further 
the damage done with the material In the hands 
of hostile forces; There is rio.w^y of knowing 
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how many violations . have actually occurred, 
but were .not reported, such as, leaving a 
olassified docxmient on the top of a desk over- 
nights leaving a safe open overnight or un- 
attended, or , discussing classified information 
over the telephone using so-called * 'double talk''. 
It is for this reason that security training 
progrsuDB are administered, and a need exists 



for conscientious effort on the part of every- 
one. Security should be second nature insofar 
as the practice of peVsonal habits are concerned. 
However, second nature does not mean **with- 
out thinking'', it behooves all of us to take 
security seriously and practice sound security 
habits in the interest of naval operations and 
our national security overall. 
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CHAPTER 11 

BASIC MESSAGE FORMAT 



There are a wide number of 'message formats 
used in telecommunlcaUons, depending upon the 
method or mode of operation. For example, 
AUTODIN procedures and formats differ from 
tfaote of AUTOVON and AUTOSEVOCOM. There 
are alflo . basic' differences between formatting 
and procedures involving Radiotelephone and 
^apuB Teleprinter communications. However, 
even thou^ we have many types and modfes 
of communications, the basic navsl message has 
a central starting point. With few exceptions. 
mlUtary messages sent via telecommunications 
are arranged according to a basic format. 

The basic message format is divided into 
three distinct parts: 

- 1, Heading 

2. Text 

3. Ending * 

Vt^ltbin the heading, text, and ending are sixteen 
format lines. Each format line corresponds to 
a particular type of subject matter and places 
the contents of the basic message in a stand- 
ard sequential order. Referring to table li-i, 
we can see which format lines make up the 
three major parts of a basic message. It should 
t)e noted that format lines are only a method 
of placing the contents of a ^nessage in a 
Btaiilard sequential order; they bear no relation- 
0blp to the nunAer of handwritten or typed 
lines contained in each format line. For ex- 
ample! format line Cmay be ,used for relaying 
Instructions 9 but these instructions may total 
tan lines on a typewritten message. 

HEADING 

V^reas the text of a message, might contain 
tbe bulk of the typewritten lines in a naval 
messagef the majority of the format lines are 
contained in the heading (format lines 1 through' 
10). The heading of a message is considered 



a message ?*part" and its associated lines are 
called ''format lines," in addition to tneset 
we also have message * 'components." There 
are a total of six components in a nftval mes- 
sage* four of which are contained in the heading, 
and they are placed in a simple, logical order 
for clarity. The four components that, comprise 
the heading are the: • . 

1, Beginning procedure 

2, preamble 

3. Address 

4. prefix 

Table 11-2 shows the message heading, associated 
components, and their format lines. 

Beginning Procedure 

The beginning prociedure component contains 
format lines 1 through 4, as there are different 
methods of transmission, the basic construction 
of the beginning procedure will vary. For ex- 
ample, when communicating via TTY. ycu would 
be using plain language address designators ^d 
rprpy * ijouting Indlcator s^^Whcn con)n)unicating 
via radiotelophgne. you would be using spoken 
calls that correspond to the stations you are in 
corofpunications with, \ 

Format line 1 normally contains handling 
instructions and is used only in TTY relayand 
automatic digital networks. Format line 1 wiU 
be discussed in greater detail in chapter 13 

(Manual Teletypewriter procedure). 

- 

Format line 2 contains the called station(s) 
and any necessary exempted stations. 

Formal line 3 contains* the identificatton of 
the calUng station. The calling stotion will pre- 
cede its calUng designaUon with the prosign 
**DS»* (which means **from»»). or with the spoken 
words **tHis is,»' depending upon the met^iod 
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Table 11-1. — Basic message format 



Basic 

Message 

Part 


Format 
Lines 
- contained 


Gpneral 

Fontiat"L1ne 

Content 


E 

A 

D 

I 

N 

G 

"Reparation 




Used only in TTY 


2 


Station(s) called, & 
pxemoted station (s) 


3 


Prosign "DE" (or from) 
X rallina station 


.4 


Instructions, e.g,; 
"T" (relay). 


5 


P,^?^^(;ience and Dip 


T 

6 


Pposign "FM" (the 
originator of his 

me??9q.e Is) & prtqinator. 




Drncian TO & Acf\nn 

addressees. 


8 


Prosign '*INFO" & the ^ 
information addressees. , 


9 


exempted addressees. * 


— T7S '■ ' 

10 

11 


Accounting. symbol, group-- 
rnunt, or "SVC" (-seruire) 


T 

E > 

X 

T 




Prosiqn "bY" (Break) 

V 


12 


Basic idea of Originator. 


Separation 


15 


Prosign "BT" (Break]_ 


E 

N 

D 

I 

[ N 

G 


14 ^ , 


Time-group (wherry 
appropriate). 


15 — 


Final instructions, Xe.g. , 
Prosiqn "B" (more to follow). 


16 


Ending sign; (e.g., 
"K" or "AR". 



of communication being used. For example, if 
you are operating a radiotelephone circuit, your 
voice call sign is *«Scott Key," and' you want 
to communicate with a station whose voice call 
aign is ''Knox Polk," you would say: 



"Knox Polk 

This Is Scott Key 



(Format line 2) 
(Format line 3) 

then continue to theinext part of yov trans- 
mission. /' 



Format line 4, when used, contains trans- 
mission* instructions. Transmission instructions 
normally tell the called station (format line 2) 
what to do or what action to take with reference to 
the handling or forwarding of the message. For 
example, the operating prosign **T" means: 
'^Transmit this message to all addressees or to 
the addressee designations immediately follow- 
ing." If TTY.or CW procedures are used, the 
prosign '*T'' would be Written .as is^ However, 
in radiotelephone procedure, the spoken words 
**Relay To" are used instead. To expound on 
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Table 11-2. — Heading and compohents . Preamble Component 



■■m. 



Part 


Component 


Format Line 








H 


Beginning 
proceci^e 


. 1 ^ 
2 


E . r 




3 


A 


• 


4 




Preamble 


5 


n 
U 




6 


I 


Address '"\ 


7 
8 


N 




9 


G 


Prefix 


10 



the example already used, your transmission 
could be; 



This Scott Key 
Relay to Abe Lincoln" 



(Format line 2) 
(Format line 3) 
(Format line 4) 



Then you would TOntinue to the next part of 
your transnfilssjen. Bear in mind, however, that 
format line 4 ^ould contain any one of a number 
of operating Signals or "prosigns that tell the 
called station >yhat partlclrlar action ta take 
with the recelvedSmessage, Proslgns are letters 
or combinations of Metiers that convey frequently 
'sent orders or In^ftructlons in a standard form. 
Proslgns are covered ^later in this chapter; 

Remember, the con^ruction /of this com- 
ponent varies according Jo the type of trans- 
mission media used. Instructions for message 
'preparation In the primary media are contarined 
In chapters 13, 14. and 15. Explicit and exact 
instructions for the preparation of this com- 
^nent for each ofthe transmission media are con- 
tained In the appropriate procedure publications 
(ACPs, NTPs, and JAnAPs). 



format line S contalna the entire preamble 
component. Although there are three elements 
In the preamble. It is noted primarily as that 
part of the message containing the pj-ecedence 
and date-time group- (including month and year, 
abbreviated). 

The flrfit element of the preainble is the 
precedence, Indicated by the appropriate pro- 
sign. For example: Z, O,, P, or R, as assigned 
by the originator. , * * « 

• 

The second element, the date-time groyp 
(DTG), appears as a six-digit number suffixed 
by the letter **Z" to Indicate GreeriWlch Mean 
Time. The abbreviation for the month and year 
follows the" date-time group. For example, the 
DTG of 12131^Z JUL 76" indicates that 

the message is an 'immediate" (Proslgn **0") 
and was originated onjhe 12th day, I3th hour, 
14th minute Greenwich Mean Time in the month 
of July, ,in the year 1976. ^ 

The third and* last element of format line 
5, the message lnsjtrttctl9ns, is used to express 
specific handling or delivery instructions desired^ 
by the communication center of the originator. 
These instructions are in the form of operating 
signals. Do not confuse this line with format 
line 4, which contains transmission instructions 
for the called station. The message instructions 
contained in format line 5 are not necessarily 
for the called . station alone; they may pertain 
1« any and all stations who handle the mes- 
sage. It should alsd be. noted that format line 
5 contains'^"execute" Instructions when the "ex- 
' ecutive" method of communications is used. Ex- 
ecutive method communications -are covered in 
detail in ACP 124 (Radiotelegraph Procedures). 

Address' Component ^ ' * 

/ The address component uses forniat lines 6, 
7, 8, and 9 when the requirement "exists. In 
other words, format lines 6^ and 7 may be.used, 
but no rjsquirement may exist to use the rest of 
the format linde in this component ^format lines 
8 and 9). The^ lines correspond to originator, 
action addressee (s) , Information addressee (s), 
and exempted addressee(s). (See tabfe 11-1.) 

Format line 6 is the originator element. 
It is identified by the originator proslgn *'FM" 
(meaninc **from") and contains the desiguation 
of the ongiTiating stcitidn, , . . 
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. Format line 7 'ie the action element. It is 
^ identified by the action prosign "TO" and con- 
tains the de8ignation(s) of the actii^addressee(s). 

Format line 8 is the ^hfornaation element and 
te designated by the prosign ^'ItiT^.'VIt con- 
tains the de8ignat^n(8) of the ^dressees who 
receive the message Ifor infomiation purposes 

only. X K 

* - • i 

Forrrlat line 9 is the exempted element. It 
1p identified by the prosign *'XMT" and^con- 
tains thfe de8ignation(8) of the exempt^ ad- 
dresseeC^' For example, the action ele?r{ent 
may be a collective call sign that encompasses 
many station^. The originator of the message 
, may want all but two of the stations in the 
^collective call sigi^ to receive the message 
Therefore, t^^. o^ginator would place the names 
of the two stations to be exempted from de- 
ceiving the message in format line 9. • 

Art entire^addr^ss might look something like 
trfb followirigf 



FM SCOTT KEY 
TO KNOX POLK 
INFO 



\ 



(Format line 6) 
(Format linte 7) 
(Format line 8) 



The group count appears as the prosign 
''GR" followed by a number. The nufnber in- 
dicates the number of words in the text* For 
example, a text /containing 15 words would con- 
^ tain the prosign GR15 in format line 10. A 

^ numerical group count is required for all coded 
group messages. Whenever an accounting symbol 
is used, either the group ^ount must be used 

\ or the prosijgn '*GRNC" (Groups Not Counted) 
must be included as part o\ format line 10. 
For detailed information, on the usage of dif- 
ferent accounting symbols as part of the pre- 
fix component,^ consult NTP 9 (Commercial 
Communicfllti'ons Instructions). 

Separation 

Format lines 11 and 13 are the separation 
^^[i **Bt,*' meaning **break.'» its purpose is 
to^rovide a distinct Separation between the 
heading fand the text and between the text and the 
ending. IRemember, the separation is not con-, 
sidered a message part or component^ but it is 
considei^ed an essential format line. 



ABE LINCOLN 
PATRICK HENRY 

XMT THEOEpRE ROOSEVELT (Format line 9) 
GEORGE WASHINGTON * ^ 

Addressee designatiotis in the address com- • 
ponent m^y be call signs, address groups, plain 
language designators, or* a combination of routing 
indicators and plain language designators, ^de- 
pending onithe jj^ethod of transmission. 

Prefix Component ^ 

Format line 10 is called the prefix com- 
ponent and contains either the message group 
count or accounting information. 

The -accounting information is a combination 
of letters called an ''accounting symbol." An 
accounting syntbol indicates the agency of fj- 
, nancial responsibility whenever a message is 
commercially refiled or whoever the message 
is . one that is originated by an agency^f the 
DOD and 'destined for a non-DOD agency. For 
example, a message indicating that the Navy 
has financial responsibility would contain the 
word ''NAVY" in format line 10. 



TEXT 

The 
containE 
desires 
of the 
drafter. 



text is thatA)art of the message which 
the thoughl'or idea that the drafter 
to cbmmunicVte. Reniember, regardless 
number of lines written or typed by the. 
the text uses •only one format line: 



Format line 12. 

\ * 
* In drifting the , text for transmission, brevity 
is desJraDle through the proper choice of words 
and good\ writing technique. However, brevity 
must nevAr be achieved at the expense of ac- 
curacy. Uncommon phrases and mode^ of ex- 
pression can render the meaning of a ^^essage 
ambiguous or obscure. . ^ 

The text must be worded so that it expresses 
unmistakably \ the thought to be conveyed. All 
abbreviations, must be limited to those rpeanings 
wh|ch are se^lf\^evident, or those which are rec- 
ogijizable by Virtue of long established use. 
The following i^ a discussion of some of the 
more important requiremejiits concerning thetfext 
of a message. 

■ \ 

Classification Line \ ' : . ' 

The classification line is the first line of 
the text and immediat^y follows the "BT" that 
separates the heading and text, it indicates the 
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meiss^gar classification, and' when applicable, 
•pecial handling markings, code or flag words, 
and the/Standajrd Subject Identification Code 
(SSIC). 



1*01 



L use, the three classification desig- 



nators are'e»NP IDENTIAL, SECRET, and TOP 
SECRET. The^cronyms FOUO (For Offlcial 
Use pnly) and EFTO (Encrypt For Transmission 
Onlyf are not classification designators, yet they 
are used with the designation UNCLAS in the- 
eltesification line. The same applies tjKthe 
terms "Restricted Data»» and ''Formerly Bey 
' stricted Data*' in that they are used with claX/ 
sification designators. The proper spelling and 
•pacing of classification designators are dis- 
played in figure 'H-l. Information regarding 
the criteria arid handling of FOUO Wnd EFTO 
messages can lie fouod^in NTF 3. 

y 

Special handling Markings 

Certain types of messages require special 
handling in addition to that provided by the 
security classification., These special markings 
are placed in the classification lin^ immediately 
following the classification. Some of the more 
common special handling markings that you will 
see' are: * - ^ 

1. SPECAT (Special Category) 

2. LIMDIS (Limited Distribution) ^ 

3. PERSONAL FOB 

4. NAVY EYES ONLY 

For example? there are two types of SPECAT 
niessages: Those associated with code Nyords 
or projects and those which are delivered only 
to a nam6d individual. Therefore, a ♦ Secret 



^message whose subject nnatter deals with in- 
formation regarding a*^ special project entitled 
**JACAMO*» would haveJa classification line 
reading: '^SECRET SPECAT TACAMO.»V 

The other tfpe of SPECAt message, ''Ex- 
clusive Fpr,»» is used whenever sensitive in- 
formation is to be passed only to a particular 
Indivldual.r^he classification line would then 
contain the name of that individual. For example, 
a Secret message destined exclusively for Ad- 
miral D, R. Smith would reid: 



{JNCLAS 

JJNCLAS^ EFTO 
UNaAS EFTO FOUO 

C.O N F I D E N T I A L 
SECRET ^ 

TOPSECRE-T 



76.142 

Flgjure^i 11-1.— Classification spelling and spacing. 



''SECRET SPECAT 
ADM D.R. SMITH** 



y EXCLUSIVE FOR 
( ^ 

• LIMDIS messages require limited distribu- 
tion' within the addi^essed activity. Only clas- 
sified messages quajify for the special handling 
marking LIMDIS. Hdwever, the classification is 
still assigned according to subject matter. There- 
fore, the classification Une would read: 
"SvECRET LIMDIS.** 

' :^ERSONal for messages are limited to 
the named recipient (who may direct further 
distribution). In PERSON^l^ FOR messages, the 
classification line always shows the name or 
•title >of the intended recipM^nt and may show 
the name or title of the originator. For. exz 
ample: 



"UNCLAS 
RiOARKE.*' 



PERSONAL FOR RADM R. L. 



or 



"UNCLAS PERSONAL' FOR RADMR. L.ROARKE, 
FROM ADM D.R. SMITH.** 

It ^uld be nojted. that PERSONAL FOR mes- 
sages are used' by the Navy only and are not 
used in messages addressed^ ^ojDther than Navy 
commands. ^ 

The designation ''NAVY EYES ONLY** is 
applied to classified messages to preclude han- 
dling by personnel of the other military services. 
For example: 

'^CONFIDENTIAL NAVY EYES ONLY.** 

The Standard Subject Identification Code (SSIC) 
is ^ways the last element of the classification 
lin^ and identifies the subject m^er of the 
message. The SSIC is requited on all messages, 
with few exceptions, and those messages with- 
out them are normally returned to the drafter. 
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. The SSIC il8 preceded and followed by twa slash 
BlfdB. Foi example: ''UNCLAS ^ F/fO FOUp 
/>^68416//.'' The SSIC always contains ^5 num- 
oorresponding to particular subject matter, . 
pr«)eded by the letter *«N.»* Detailed tftormation 

: ; TOiwenri^^ requirements for classification lin^ 
niartdnM are Contained in NTP 3. 

■ ■ ' i ' . > 

P«88lng InstruotlOns , f 

Paesing 'ii^tructions in^a message are typed 
/ consecutively^ begUining at the leftirhand margin, 
one line below the i?lass\fication 'line. For ex- 
. ample, a message from CINCLANTFLT NOR- 
' FOLK VA ^ COMSUBLANT NORFOLK VA, 
ultimately yitended for a paiAioular person or 
olfioe known ' by the originator might read 
"GOMStJBLANT FOR MR FRISCH** in the pass- 
ing instructions. A passing instruction first cites 
the addressed command's short title, then the 
office code or IndividuaPs name. 

. ^ .> 

Subject Line . , / 

V - . / . V 

. The subject line oPk message begins at the 
left-hand margin immediatifely following thte das- 

' stfication line (or the passing' instructions', when 
usedK'The subject line is riot necessary, though 
desirable.'It may be omitted in 'tactical messages 
(1) when it would classify an otherwise unclas- 
sified message, (2) when it woulgl noticeably 
increase the length of a, short message, or (3) 

. I^en the sul)ject is readily apparent in the •;grst 
line b'f the text. 

Reference Line(s) • ,f 

Reference lines are used in/ order to avoid 
repeating lengthy quotations or references within 
the text of,^a rpessage* The primary require- 
ments for peference lines are that they -be clear 
and sufficiently specific. References are letterejd 
consecutively, one beneath the other. For ex- 
^ample{ the following references would be listed 
as shown, immediately following the subject Ime: 

' A. COMSlTBGi^U SK 092042Z SEP 76 

B. COMSUBLANT NORFOLK VA 121156Z 
DEC 76. - 

Thereafter, whenever mentio4 is made of those 
references, they would be referred to as **Ref 
(A)*' or gRef (B)/* as-applicable. 



^Indenting 

The blassification, passing instructiona, Sub- ' 
\ject, anb reference lines . 'always begin at the 
^^eft-han4 Margin. When necessary (usually ^r 
graphic clarity), - textual material may be in-, 
dented as many as twenty* spades^ 

When thg text propeft^is begun,' (after the^ 
reference line(s), if ^l^ed), the message may* 
contain several subjects^ or several aspects of •* 
one subject. For ^ this reason, textual material 
is divided into-4)aragraplip and sub-paragraphs 
which are numbered ana lettered consecutively. ' 
It should be noted that single\ paragraph mes-"* 
sages need ndt be nupibered, figure 11-2 is an 
example of the usage of the classification, sub-^ 
ject, and reference lines, with proper indentation. 
Notice that the subject line is markelsljylth the 
* proper classification, as are the paragraphs and 
sub-paragraphs. This is In accordance with OP- 
NAVINST 5510.1, that requires , that all elec- 
trically tfransmitted mejss^s be paragraph 
marked for classification. f ' " 



Restricted Data ^ ' 
Paragraph Markings 

Some typiBS of information a^^^^/^defined as 
being ''Restricted** or ''Fc^rniprly Restricted** 
data. 'This means that the InformiUion falls 
Into the several categories of nuclef^p-oriented^ 
subject matte;r in accordahce with the Atomic 
Energy Act of 1954. ' 

»When such information appears in the text 
of a message, it is necessary to ieuld the mark- 
ings or **FRD'* in addition to classifica- 
tion markings. For example, if a paragraph 
of a message is classified Secret and is also " 
Restricted Data, the paragraph. wOuld be marked 
**SRD.** If it were^^nfidential as well as being 
Formerly Restricted Data, it would be marked^ 
**CFRD,*' etc. . . 

Punqtuation.. 

Within the text of a message, punctuation is' 
used when essential for clarity. Authorized ab- 
breviations are used whenever the method of 
transmission will not permit the usage of the 
punctuation mark as is. Punctuation marks ar^ 
transmitted exactly as drafted, c/therwlse com- 
munications personnelAust subs*^^tute authorized 
abbreviations for the^^J^ctuation mark. A com- 
plete list of authorized punctuation marks ^nd 
their abbreviated equivalents is contained in 
N.TP 3. 
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.P 

I 

FM " 

INFO 
•XMT 

bt' 



151000Z JUL 76 

NAVSUgSCbL NEW LONDON CT I ' 

NAVSUBTRACENLANT CHARLESTON ''sC 

MAVSHIPYD PUGET SOUND BREMERTON WA 

COMSUBRON FOURTEEN 
COMSyigON/SIXTEEN 



Msyl^c 



UNCLAS PERSONAL FOR'RMCM R.ff. RREY //N05723//. 



^ 



FORM 20 ANSWER SHEETS (U) 

A. YOUR 150800Z JUL 76 ^ 

B. NETPDCINST 2020. 20A PARA 20 CHG 1 

1. (U) MOUNT' WHITNEY FORM 20 ANSWER 
SHEETS NOW AVAILABLE AS REQ REF (A),' 

2. (U.) REF (B) CITES AUTtf FOR LOWER 
PAY GRADE EXAMINATIONS^IAW SC EDSPEC. 



BT 



Figure H-2. — Example of usage of classification, subject, and reference Unes, 



Ending / 

The ending, the third and last part of a 
message, is . another changeable portion. It con- 
taihs the ending procedure and uses format lines 
14, 16, and 16, v , , 

• ' Format line 14 is the time group element. 
(See table 11-1.) When used, this elemeht con- 
tains the^ time group, expressed Mn hours ^nd 
minutes, plus the zone suffix. For example, 
^indicates the* time In hours and min- 
utes in the time zone Bonieo.. 

Format line is' is 'called the ^Inal InstKic- 
tlons. The compiunications operator may use this 
line, to correct transmission errors. Indicate 
a pause, exetJute a message, or indicate more 
traific for a specific station by the use of pro- 
signs, operating signals, and station designators, 
M required. Remember, format lines 14 and 15 
inay not be tised^ at all, spending upon the 
oonxmunicfitton situation. 

Format line 16 is called the ending sign. 
For voice transmissions, this is the proword' 



"OVER'V or ''OUT." For CW or TTY trans- 
mieslons, it would be the proelgns **K'' or. 
««AR.''^ This f format line Is^uged merely ^ 
indicate the -ehd of transmiss^!fi?'^^\ / 



MESSAGE USER 
-RESPONSIBILITIES 



There are certain responsibilities associated 
with the origination of a.' message. These re- 
sponsibilities are separate and distinct and^have 
to do with the following three persons: . 

1. Drafter . 

2. Releaser X 

3. Originator . ^ . .'^ \ 

occasionally the | responsibilities > may overlap, 
especially if there is one.P^rsion serving in a 
dual ca^pacity. For example, the conaniuniea- 
tlons officA^^may draft arid release a 'message 
In certain . situations, thus * making hlni both 
drafter and releaser. 
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The drafter is the-^ji^flbn wbo aotukiiy com- 
;iJi6s6« the ' message. foiMscordaoce Wth NTP 
i it if di^^ resRonslfele fpr: 

lii- Pro^r add«tedlng , * 

2. Clear, concise composition 
S, Seieotiiim of preibedence 
. 4. EriBurlng' proper format 

--^nfuring^proper classificetion 

-^6. Ensuring application of proi>er downgrading 
and declassificatioii instruction^ ^ / 



5Uiiaiy 



The reieasei^ ^ a properly- designated In- 
dlvlduaVJJIio is auUiorized to release ^%^es- 
flage ^*^JtranS|jpffssion in the naihe of 
^ tBe commaiid t>r>f tivlty. The releasing indivfdual 
ensures that the drafter has complied with the 
requirements contained in NTP 3.- In addition 
to validating tlie^'conte^ of the message, the 
releaser's signature ^irms^ compliance^ with 
tfiessage drafting- InistruCllons, It is the releaser's 
thft ' 



authorizes the mess^ige for trans- 



signature 
mission. 

' Tlte^otlglnator is the authority (command or 
activity) in whose name the message is sent. 
The originator is assumed to be the command- ^N, 
ing officer oij^the command or adstivity, Mpst 
often» the Originator and the releaserN^^^ne 
and the same; Also, ih some cases, the/d^ter, 
releaser, and orlgUiator can all l)e^erie and the 
ime. For example, if the commanding officer 
rafted a message for transmission, he would 
the drafter as well as the releasing authority 
and the activity J nwhog^ name the message is 
JBeht. • 

After a message has toeen properly released, 
it is delivered to the Telecommuni9atlons Center 
(TCC) for traiisnHssion.' The date-time group is 
normally assignedi^here. Proper transmission, 
receipting^ and^ filing procedures are accom- 
plished toy the communications personmel. 



the^drafter determines the precisdence, the rer 
leaser may either confirm or change it. Preo- 
^enee is assigned according to urgeflcj^not 
according to the importance of the, subject mat* 
ter of the text. For example, iin administrative 
message may be assigned a higher precedeike 
than a message containing Top Secrrt/imbrtatt-- 
tion. This would be due to the necessity for 
faster action upon the iuiniinist rati ve message, 
where&s, the Top isecret message may not, re* 
c|^ire fast response or action at all. The follow- 
ing is a list of the various precedence categories, 
their indicators, and basic definitions: < 

1, Routine (R*) - is aesigneSl\o ail ^s 
of t*affic whicl^ Justify electrical transmission 
but which are not of sufficient urgency to re- 
quire a higher precedence^ , 

< ■ .» • • 

2, Priority (P) - is reserved for messages 
which, furnish essential information for the con- 
duct of operations' in progress. This is the 
highest precedence normally authorized, for ad- 
ministrative messages, 

3, Imm^^late (o) - is ;«served for mes-v 
sages relatihg to situations which gfavely af- 
fect the national forces or populace and whifetf 
require immediate delivery to addressees, 

4, Flash (Z) - is reserved for initial enemy 
contact rei^orts or operational combat messages 
of extreme urgency; 'message brevity is manda- 
tory. * 



In addition to the four niajor precedence 
categories, an Emergency Command Precedence 
(ECP) is ' used within the AUTODIR system. 
This ECP is identified by the precedenqg pro- 
sign "Y*' and is limited to designated emergency 
action command and control messages. 

Speed of Service 
Objectives 



An important polht to remember regarding 
the date-time group is. that it is assigned for 
i$ienttfication purposes only. It is not used for 
'any - computation of message processing time. 

Precedence 

The- message drafter indicates the desired 
wriJyBr-to-reader denvery time through the as- 
signment of a message precedence. Although 



, There are ntany factors which 'may affect 
write r-to- reader delivery time, Th^e factors 
Include'* types of facilities, types systems 
used, traffic volume^ relay requirements, mes- 
sage length, ilumter of addressee?, circuit con- 
ditions, etc. Thefcpeed of service objectives 
listed in figure ir-3 |irovide^ general guidance. 
However, it 'should bei obvious to all Radiomen 
that message traffic is, handled as rapidly as 
possible, consistent with *reiiability and ^secui^ity. 
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/ P»*ecedenfce 
Hash 




Prosign 
Z 

P ■ 



Speed of Servicie Objective 

As faist as possible with Ian 
'Objective of less than 10 
minutes 



f 



Figure 11-3, — Speed of service objective 
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CLASSES OP MESSAGES 

^ Messages .are plac^ in different classes 
tjii OT^BT to* ild admrmstration and accounting, 
espect^Wy Mlxere tolls and charges are .involved. 
In geit^^aU we i^ave five classes of mesMges: 

A. B, C. D, 4nd Of the five classeX^ a. 

B, aii* C are government , messages. Classes 
D and ^ non-government (or priya^) mes- 
sages. 

The largest volume of message traffic han- 
dled, l^y the Navy is Class A. This particiQar 
Class message is one whiih is originated by 
Department of Defense activities and destined 
for VOT} activities. This includes ' the Coapt 
Guard "^^^^ it is operating as part of the Navy. 

' Class B traftic is an official message origi- 
nated and destined for U.S. Government 
agencies gther than the Department of Defense. 
When the C'qast Guard is not considered a part 
of .the N^, it is considered as fa|(ling into 
the CiassjS category. 1 

Class C messages consist olbroaStost traf- 
fic «4n special forms, available to s^i^of all 
nationalities— for example, hydrographic data, 
weather, time sj^als, etcl, I - . ' 

tiaBS D nlesj^akes are private messages- for • 
^ch *e Navy cdllects JDoUs. This^ group in- 
cludes the radiotelegramfiT and pres^mess^^ 
sent W correspondents aboard ship. 
* . Class, E" messages are personal, messages 
to and from naval personnel, handled free of 
charge over ^aval circuits. Charges are col- 
lected troni the sender only >yhen corhmercial 
ci>mmunj[catiop coi^panies, such as Western 
Union, "handle ihe message over part of its 
route. Class E message privilege is used 

pripiarily to enhance morgie. It provides a means 
of coixi^u^^catton on urgent personal matters 



for personnel at sea and is unavailable Ue^en 
points on shQre within the United States. 

ADDRESSEES . ' 

-■ ' . 

^ Most rSiessages have at least one addressee 
responsible for taking action on the contents 
and for originating any necessary reply. Ad- 
dressees with ' an , official concern in the sub- 
ject of the message but v**o do not h^ve primary 
responsibility for acting on it, receive themes- 
sage for information. Although an infonpation 
addressee is usually only concerned indirectly, 
with a message,* occasionally they must take 
action of some kind wlthinfceir own comtnands. 
Some messages have only infornvation addres- 
sees. / ' • • - 

Messages ^. may be divided into. typ©s, ac- 
cording to the way they are addressed, as 
follows: 

1. Single-Addreser - A message having only 
one addresse€\ which niav be' either for action 
or information. C P ^ i * 

2. Multiple-Address - A messaged which has 
two or more addressees loA is of such a nature 
that the drafter consider^^at each addressee 
must be informed of all other recipients. 

3. Book - A message destined for two or 
more addressees but is of such nature that 
the drafter ^considers it uni^cessary that each 
addres6ee^be informed of any-othejuaddressees. 

4. General; Message ^ A message designed 
to meet recurring requirements for the dis- 
semination of information to a wide, prede- 
termined, standard distribution.. 
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Naturally, a 8ln|l^fUWres8 message U the 
apl!08V <tf \ the fcmj Mi. requires no explana- 
lU A multipie-adrttessri^sage will bear all 
the original AAdr^effee, both action and in- . 
• f(t;hnation, that the originator locliided. ' 

Boo^ messages are normally routed accord- 
liig to each addressee's xelav «taUon, with all' 
iuiiiecessary addressees del^cfted from the f^ce 
of ^ mecTsa^ prior to , beings 8«pt to the atd- 
dresiee(s) served by that particular relay sta-\' 
tloiu ' . . . 

General messages are normally titled (e.g.^ 
ALCOM, NAVDP, JAFPUB/ etc.), wf^ the^itle ' , 
Indldisitlng distribution. .The -title serves as the 
f address designator. 



FlaindresB and 
Abbreviate^! Plalndress 



. A plalndress message is one In whlch^the 
' oiiglnator^nd addressee desi^atlons ap^gar ^ 
• externally in {he s address component. The plain- 
/f^ress message i^Vip most commonly used on- ^ 
'\naval circuits, aasically, the pla4ndress format 1 

contains all of the conxronents Stf the basic mes* 
<^sage except that, the gr^p aounr mJ^y be omitted. 

Referring back to tajE)le IV-l^ we g«e thgt this 
. is format line lO of the basjc message^owever, 
' remenfiber that anytime the text encrypted 
or uses an accountln^symtool to deime financial 
responsibility, the ^oup count pVoslgn (GR)P 
ipust be included In^the prefix component. 

^ 'rtl^ following 1^ an*example of how a plain- 
dress message might look if you were %>erajing 
a ship-to-ship teleftjpe .circuit: 

Example 1: 
Format ^fng 

& 3 . ^MR r?E NDRS 



N6te that the text is in plain langu^kand no 
accounting data is required; so the Pipflx com- 
pon6n^ is omitted. ' | 

. Where operatlonart-equll^ments a|*e of such 
a nature ttiat speed of handling pWme 
Importsince^ the Riaindress message tnay be 
abbrevlSted. Abbreviated plaindres^ iprmat is 
used very- extensively in voice communications, 
althou^ It may* lie ^ UBed in other formats aa 
well. " ■ • . 

'I 

In the abbreviated plalndress form, the initial 
call serves ais' the address. In .othet words, 
it your Initial call-up is "ROOSEVELT THIS- 
IS^WASHINGTON'V on a radlOWepbone circuit* 
format lines 6, 7, 8, and 9 4ei|jl not appear 
^n the hfadlng. However, rerfemper that la 
order to have the call serve as J^e addresW, 
you;must^ be in direct communication with the 
fi^a^orf, or stations for which the mesisage is 
intisndtd, thereby eliminating the need for format 
lines 16 through 9. Also Included In the ele- 
ments that may bif omitted^ abbreviated plaln- 
dress .procedure are the precedence, 'date, 
date-time group, ^ group cQ(^nL Th^following^ 
1J5^ an example of an abbi»vlAte|k puipdress 
nr^essage might appeajr on* a rfiSlotelephoM 

net: • ' - 



Example '2: 
Format h U^ 
2 &3 



Trans misplon 
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13 
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11 
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R 270907 Z JUL 76 

FM USS LINCOLN ' ^ 

TO fjSS POLK , 

INFO USS KEY 

BT^ 

JEXTJPLAIN LANGUAGE) 
BT 

r 
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. Transmission 

ROOSEVELT THIS IS WASH- 
iNGJOlsji 

BREAK 

TEXT (PLAIN LANGUAGE) 



breAi^ 



OVER 



In example 2, the originator (WASHINGTON) 
is in ^direct eommunlcatlons with the addres-t 
see (ROOSEVELT). Therefore, the call serves 
as the address^ Notice ^ that there Is no date- 
timjig, group. In radiotelephone circuit operation,^ 
it |s ndTmal procedure to omit the date-time 
group if there is not an fe^qpectatlon of any 
further reference to the message. K the origi- 
nator feels that there may be further reference 
to a message - sent, in this manner*,, a d;^e- 
tim% group or a four-dljfit time group may be 
addedt(Fyrmat line 5). 
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Cbtfiress 



j^jcodx^Bs messc^ Is one sentvjn'encrypted 
fornu Being encrypted, it always contains •a 
numeric^ grbup count in the prefix. A codress 
mestfage contalnB all the components of the 
4«flic\meQ^age format efxcept the address com- 
ponent* jPhe entire address, component is In- 
cluded' within the encrypted text. X^is makes 
the^ codress ihossage^a valuable security meas- 
ure wbidh the originator may employ Whenjt Is 
desirtole to conceal the Identity of the ad- 
dreasws. In so doing, we deny the ©n^my the 
luxury vbf oelng able tb make inferences from 
originator/aqdressee traffic patte^rniB^ that woul€' 
Otherwise be revealed, by the use of an ex- 
ternal address. Detailed Instructions for the 
Preparation and transmlsslcfn.^of cqd^ess mes- 
sages are contaiiifJ^^m (Current cr>:ptographic 
regulations and In NTP 4, 



CAtrL SIGNS 



' Call slgiiP -are letters, letter-number conj- 
tofnatlon?, ox one or more pronounceable iVpr^s, 
used chiefly to Identify communication acj)ivltles 
and for estAbllshlng and maintaining cpmmunica- 
tions. They are applicable ' In both military and 
civil communications and are of several cate- 
gorles» with sbme belonging to more than bne 
c§Llegory. 

International Call Signs 

International call signs are assigned to radio 
stations of all countries^ both civilian and mili- 
tary, afloat and ashoi^ These call signs are 
assigned according to international agreement. 
The United States has the first half of the "A" 
l)lock (A* through ^ AL2) and all of the "K,*' 
|fW,*' and '*N" blocks. They are assigned as 
ffollowsf ^ , 



A Block 



Army and Air Force 



and W Blocks ' Commerciarand Private 
Stations, Merchant Shi^s 



Thurso, Scotland (*mH'')» NAVCOMMSTA Mo- . 
rocco V^CNL*'), and NAVCOMMSTA Spain 

(**'AO^C"). 

' Call signs for fixed and land radio stations 
are listed in '.ACP 100 arid U.S. Supplement 
1 theret<^ InternatjcJnal call- . signs assigned 'tb ' 
U;S. naval vessela are four-letter N calls and 
are usfd foi. all nonmllltary intefhatlonal c^m- 
fhunlcatlens.^For example, NJFK. • . . . vUSS' 
John F. Kennedy (CVA STn . , 

International call signs fbr -U^N, USMC, and 
jfecG aircraft are composed of 'the N, NM;' 
dr NC^ respectively, followed by the last^four 
digrts of the serial or systems command number 
of the aircraft. * 



4 



N Block Navyi Marine Corps, Coast 

Guard 

Naval shore communication stations have 
thre^-letter N calls. For example, 
NAM...' . . .NAVCOMMSTA, Norfolk. Exceptions 
to the three-letter N calls for/naval shore 
communication stations are IJ.S. NAVRAPSTA 



Military Call Signs 

%ost sMI^ of the Allied Nation^ are as- - 
signed military call signs ih addition to their. ^ 
international call signs. When used to address 

'^messages, military call signs are always e'n- 
crypted. ^bth international and military call 

■ signs are llsted'in-ACP il3.^ • , 

/Collective Call Signs ^ ' \ ^ 

<^t" Collective call \slgns pertain to two c^r m*e - 
facilities, commands, or units. .For example, 

NIMK All U.S. submariifes c?dpyl.ng this 

broadcast. » ^ 

Voice Gall Signs 

Voice call signs are words or coml^inations 
of words, such as /'TRIDENT*' or *^CARDBAy/» ^ 
and are limited to radiotelephone bommunica- 

, tlons. Those call signs -located in the Joint 
Vo'lcte Cair ^g n BooK (JAlsJAP 119J and In.the 
Allied Ta ctical Voice _Call_S lgn Book (ACE 119) 
are only for* tactical clrcultSt On shlp-shpre 
administrative circuits, phonetically spelled" in- 
ternational call signs ar«f given as ship's vofice ' 
calls. Under certalr/ conditions, ship's names. 

' ^re used as voice call signs on local harbor 
ciVquits. - ■ 

Net Call Signs . . * 

call Signs represent all stations within 
a net. (A net is a group of statics in di^rect 
communicatiori^with each other on a cpmmon' 
channel), example, OVERWORK. ... .AH - 

U.S. Navy stations on U^is radiotelephone clr- 
..cuit. " ; ' "tf 
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Collective .Address Groups 



ADDRESS GROUPS 

^ Add^^ess grdUps are four-letter groups as- 
signed to represent a command, activity, or 
unit. In military communications; they caw be 
used In, the same manner as call signs to es^ 
tablish and maintain cpmmunications. Generally 

' speaking, call signs and address groups are 
used1)y the Navy in exactly the, same way. 
AddrelBS groups never start with the' letter **N"; 
hence, they are easily distinguishable from naval 
radio call signs. You* have ^earned'the difference 
between call signs for r^aval ships and shore 
radio stations. Address groups, however, follow 

-rid' dlMinCtiVe pattern, and the arrangement of 
th^ four letters that constitute ' them conveys 
no significance whatsoever. 

Afloat 6pmmands (except individual ships) 
and shore-based commands or activities jiot 
served by their own communication facilities are 
assigned^ address groups. For example, 

1. Senior commands and commanders ashore, 
SL^ch "as the seci^tarie^r of defense and of the 
Navy. 

2. Navy bureaus, systems commands, and 
district commandants. , 

3. Elements of the shore establishment having 
£t need for direct addressing and receipt of 
niessag^ traffic (such as weather centrals). 

I Among other "uses, address groups facilitate 
delivery of message traffic when a communica- 
tion center serves so many activities that its 
own call sign is insufficient ^ to identify the 
addressee. . Address groups are contained in 
ACP 100 and its U.S. Suppleni'ent. Like call 
signs, address groups are divided into types: 

1. . Individual Activity 
2. Collective 
,3. ConjtfnctlVQfe 

4. Geographi™ 

5. Address Indicating 

6. Special Operating Groups 

Individual Activity 
Address Groups 

Individual lictivity address groups are rep- 
resentative of a single command or unit, either 
afloat or ashore. For example, 

DTCI - COMPHIBLANT 

SSMW - CHIEF OF N'AVAl. (KM^HAT[^)^S 
(CNO) 



Collective address groups represent two" or 
more commands or activfties. Included in this 
group are the commander and his subordinate 
commanders. For example, * 

JTJF - COMSUBRON 14 
* ' YQRV - COMSUBRON 16 

» . ■ <■ , 
Conjunctive and Geographic 
Address Groups 

.Conjunctive and geographic address groups 
ar^ riientioned together because they are Inter- 
related in their usage. 

Conjunctive address groups have incomplete 
meanings and must have other address groups 
added to them in order to denote a specific 
command or location. It is for this reason 
that conjunctive acddress groups are used only 
with one or more address groups. For example, 
the conjunctive address group **XZKW" means 

"all ships present at ." In order 

to complete the meaning, it must be followed by 
a geographic address group. ^ 

Geographic address groups are the equivalent 
of geographical locations or areas. They are 
always preceded by conjunctive address groups. 
For example, the address group: *'DEXL" could 
represent Newport, R.I.. Therefore, all ships 
present at |>fewport would be addressed: *'XZKW 
DEXL". • / 

Address Indicating Groups 

A^ress indicating groups (AIGs) represent 
^a specific set of action and/or information ad- 
di-essees. Th^ purpose of AIGs is to increase 
the speed of traffic handling. They shorten 
the message address by providirig a single 
address group to represent a large number 
of addressees, thus eliminating individual desig- 
nators for each address used in the heading. 
For example, let's assume 'that a hypothetical 
AIG (AIG 31) is used to address SUBMISS/ 
Sl"l3SUNK message traffic by COMSUBLANT to 
30 action addressees and 35 information ad- 
dressees. Since a single AIG (AIG 31) is used, 
65 call signs and address groups are -eliminated 
from the heading of the message. 

AIGs are normally created whenever particu- 
lar types of message traffic become repetitive 
enough and a re addressed to enough of the 
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same addressees to ^arrant It.. Among such 
message' traffic are: 



iva 



1. Alerts, air defense warnings, emergency 
actions, etc. 

2. Destructive weather warnings (hurricanes, 
K typhoons, etp.). 

3. Notice to Airmen (NOTAMS), 
* 4, Intelligence summaries. 

' 6, Movenrient repdijs. 

It should be noted 'that an AIG will not iDe es- 
tabllsheci for groups^ of addressees numbering 
less than five. Requests for the establishment 
of an AIG £^re sent to COMNAVTELCOM. A 
complete listing of AIGs by nUmter, cognizant 
authority, and purpose Is contained in NTP 3. 
A partial listing ,of AIGs, along with specific ; 
action and Information addressees, may^^^e-found 
In ACP'lOO U.S. Supplement 1. 

Special Operating Groups 

Special Operating Groups (SOGs) are four- 
letter groups that are Identical in appe^irance 
to address groups. However, SOGs are not used 
unless specifically authorized by CNO. A list 
of SOGs, together with their associated mean- 
ings, Is In ACP 100. 

Routing Indicators 

Routing indicators identify stations in .a com- 
munications relay network and are comprised 
of from four to seven letters. It is easy to 
distinguish routing Indicators from call signs 
and address groups; routing indicators always 
begin with the letter ^*R." ^ 

PLAIN LANGUAGE 

ADDRESS DIRECTORY (PLAD) 

The plain langua^e^ address directory (PLAD) 
lists the plain language address (PL A) to be used 
in message 'addressing for Navy, Marine Corps, 
and Coast Guard activities. The PLAD is included 
as a supplement to NTP 3 and is arranged into 
three basic sections: 

^1. Section One — contains plain language ad- 
drejpses. Within this section are several chapters 
listing conimands alphal^etically by long^ title 
ahd short title, separatlng^he Navy, Marine;^ 
Corps, and Coast Guard cotrimands. Ther^ are 
also separate chapters l^^ing U. S. Navy^nd 
U. S. Coast Guard ships. 



2. Section Two — contains an alphabetical 
sorted list of authorized collective address des- 
ignators (CAD) and their cognizant authorities. 
A collective address designator (CAD)^ is a 
single address group which represents a pre- 
determined set of five, or more activities linked 
by an operatior^l or administrative chain of 
command. The cognisant authority Is the com- 
mander of the above mentioned activities linked 
together; An example of a CAD Is *'ALL SSBN 
PAC" with CQMSUBPAC as ' the cognlziint 
authority, " \ 

3. Section Three — contains the Instructlpns 
for the^ use of Address Indicating Groups (AlG) 
previously discussed. 



Plain Lanfikage- Addresses 

The PL As listed in the PLAD are the only 
designators authorized for use in message ad- 
dressing by Navy, Marine Corps, and Coast 
Guard activities. Deviations from PLAD spelling 
are not allowed nor are deviations in spacing 
and formatting.^ This is due to automated proc- 
essing systems being keyed to PLAD entries, 
and these systems will reject any me&sage 
which contains other than PLAD entries. The 
use of punctuation or any other extraneous 
characters is also prohibited. Office codes ar^ 
considered to be a form of punctuation, and their 
use is prohibited. ^ . 

Plain Language • ^ 
Address Spelling 

NTP 3 contains all of the accepted long 
and short titles to be used when a message is 
addressed. Also contained in NTP 3 are the 
state and county abbreviations that are au- 
thorized when a naval message is addressed. 
The following basic rules are excerpted from 
NTP 3 because of the ambiguity that norrpally 
exists in these areas: 

1. The use of any elemerlt of punctuation 
is prohibited. 

2. Numbers from ten through nineteen are 
written as such. For example: COMSUBRON 
SIXTEEN instead of COMSUBRON 0N£: SIX. All 
other nurrtbers are spelled out digit for digit, 
for example: AIG SIX FOUR, CTG SIX NINE 
PI ONE. 

3. Cities and towns are not abbreviated. 
States and countries ^re abbreviated in ac- 
cordance with the abbreviations found in NTP 
3. Those countries not found in NTP 3 will 
»)e spelled out. 
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4. Whenever the words * 'SAINT/* MOUNTS' 
•'pdlNT,*' and '*FORT" are used as a part of 
a geographic- locatlonr^hey will be abbreviated 
^8 "ST/' y'MT/' **PT/' and**FT/' respectively. 
/ When these same 'foyr" words are used as a 
part of . an activity short title, 'they will not 
be abbreviated. £4' 

5,, When used as part of a task organization, 
the word "POINT** ylll ^ abbreviated. For/, 
ejcunple: "TG SIX ZERO PT TWO/' 

, Use of the . • 

.\^W6rd '*ADMIN" ' * 

The word **ADMIN" is normally used in 
message traffic, between a flag rank commander 

. and" his staff oor In messages originated by 
the staff and destined for other ac^vities. For 
example, whenever the flag rank compander i^ 

• temporarily detached from the headquarters I6- 
' eatlon/ the Frotn line of a message addressed, 
to the staff would show the commander's com- 
plelUB plain language address, and the To line 
would show the word ADMIN'' followed, by 
the* commander's complete plain language ad- 
dress, as shown in the following example: 

FM COMSUBLANT NORFOLK 

TO- ADMIN COMSUBLANT NORFOLK VA 

A commander's staff, durifig his absence, 
may use the pi'oword '*ADMIN" in the From 
llne^ of fnes^sages originated by the staff and 
destined, to the commander or other activities,- 
as shown in the fallowing Example: ^ 

FM ADMIN COMSUBX^ANt NORFOLK .VA 

-TO COMSUBLANT ' ' 

.* 

' ^' ^ ' ■ 

- ox 

FM AEl^IN COMSUBLANT NORFOLK VA 
TO CNO WASHINGTON DC ; 

READDRESSING A MESSAGE 

Occasipnally, your command' will Vunt to 
readdr^ss a message to, other ships or activi- 
^'t ties that v^ere not included in the original ad- 
dress^- WKenever^ ^this is . done, the fdllowing 
rules apply: • 

*. " ' 

1. All fofmat lines preceding Une 5 (prec- 
edence and DTG) of the original message head- 
ing are deleted. 



2. No alteration can be made to the original 
message from the precedence to the end of 
the text. ✓ ► V 

3. A ^'supplementary'' heading is inserted 
in front of the original heading. 

4. The precedence indicated in the supple- 
mentary heading pertains\to the supplementary 
address only. 

5. The DTG pf^ the^ original message Is used 
.for purposes of reference, reply, and filing. 

\ " ■ 

For example, assume that pn receipt of the 
following plalndress^ message, NRMR read- 
dresses it to'NEMB for information. Here is the 
original message received from NDRS: 

NKMR'DE NDRS ' * * 

p - 121025Z AUG 76 

FM NDRS , . 

TO NRMR , 

GR32 

BT , , ^ * 

TEXT * / 

BT , 

Station NRMR adds his supplementary head- 
ing arid transn:\its the following to NEMB: 

NEMB DK NRMR 



P ^ 121037Z AUG 76 
FM NRMR 
TO NEMB 

P - 121025Z AUG '76 
FM NDRS . ' 

JO NRMR / ^ - / 
GR32Nj 

BT i' ,f 
TEXT 

in' 



Notice that everything, preceding line 5 of the 
original message tc!^ NRMR has been deleted 
pribrto readdressal. 
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CANCELLING MESSAGES 

Only the originator may cancel a message. 
AH message directives are automatically can- 
celled ninety days following the release date 
except When: 

1, the text provides for an earlier cancel- 
lation. 

' 2. a subsequent message extends the can-^ 
cellation date, or 

3. the directive is reissued hy the originator 
in standard format within nioety days of the re- 
lease date. 

Whenever a message coritalrts time sensitive 
inforniation which becomes obsolete by a cer- 
tain time, it will be appended* by the atatemeht: 
••THIS MESSAGE IS CANCELLED .AT (TIME/ 
DATE)'' 



~ PftOSIGNS 

Procedure signs, or prosigns, are letters or 
combinations of letters that convey frequently 
sentprders or Instructions in a simple, standard 

.format. Although some prosigns may seem to be 
atol^reviations of their assigned meanings, pro- 
signs are- never r*eferred to as abbreviations. 
The following is a complete list of authorized 
prosigns.'Whether you are opera^;ing communica- 
tions equipment on a circuit atxDard ship or 

^ ashore, it is helpful to have as complete a 
.command of these prosigns as possible. A rec- 
ommended method of learning them is to pre- 
pare a numbfer of cards with the prosign on 
the front and its meaning on the back, and use 
them fo^ self rdriH. 

1, Precedence Prosigns: 

Z I . . . . ..... FLASH. 

O .... I * I * * * ] i 1 IMMEDIATE. 

P . . . * * PRIORITY. 

5^ ! routine. 

2. Prosigns that identify portions of a trans- 
mission: 

AA All after. 

AB . . . * i ]/. \ * ! ! . AH before. 
WA Word after. 

WB ' . . Word before. 
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3. Ending prosigns: 

K .Go ahead; or, this is 

the end of my trans- 
mission to you and a 
response is invit^. 

AR End of transmission; no 

receipt required. 

4. Pauise prosigns: • ^ 

AS I must pause for a few 

seconds, 

AS AR ....... I must pause tong;er 

than a few seconds; will 
' call you back. 

S 

5. Separation prosigns: ' 

BT . . Break. (Separates text 

of message from head- , 
ing and ending*) 

II (Written in ureses, 
sages as a short \ 

dash) ^ Separative sign, (Used 

to separate certain ele- 
ments of message head- 
ings. Not to be used as 
punctuation to rep- 
resent a hyphen or dash 
in message texts.) 

6. Prosigfis alwavs followed by one or more 
call signs and/or address groups: . 

DE . . . . . . . From (in call). 

FM Originator's sign. 

TO ........ The addressee desig- 
nations immediately 
following are addressed 
for action. 

INFO The addressee desife- 

nations immediately 
following are addressed 
for Information. 

XMT Exempt. (Used to ex- 

empt addressees from 
a collective call or ad- 
, dress.) 
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7. prosigns ^used in . transmission Instruc-/ 
tions of a message: 

T . Transmit this message 

' to all addressees or to 

the addressee dei^lgna- 
tlons Immediately foK 
lowing. ; 



Verify with originator 
and repeat. . ' 



'G 



Repeat ' this ^ entire 
transmission back to 
me exactly as received. 



F ^. Do not answer. 

8. Group count proslgns: 

GH plus nu- 
merals ....... Group count. 

GRNC .../... The groups i^|thismes- 
^ sage have not .been 
) counted. 

9. proslgns used with ^he executive method: 

......... Action^ on the message 

or signal that follows 
is to be carried out 
upon receipt of ''Exe- 
cute." 
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DC Plus 5-second 

xiash ^ . ''Execute" ~ carry out 

the purpose of the mes- 
sage or signal to which 
> this applies. 

10. General: 

AA ....... ^ Unknown station. 

B ........ . More to follow. 



) 



eeeeeeee ..^ 
eeeeeeee 

hM hm hm : _ 
rSu 

INT ^ 



Correct. 

Error. (At least 8 Es.) 

This transmission is 
in error. Disregard it. 

Emergency silence sign. 

Repeat. 

Interrogative. 



NB Station i?erial number. 

R I received yo^r last 

transmission satlsfac- 
.torlly. 



OPERATING SIGNALS 

Like proslgns, operating signals provide com-* 
* m jnloatlon operators >yith a brief signal |hat 
conveys a much longer expression and wckild 
require greater circuit time If sent in its longrer 

. form. However, unlike proslgns, operating sig^ 
nals are comprised of three letters and bej;ln 
With either "Q" or '*z." These operating sig- 
nals are used in every form of electrical telfe- 
commanlcatlon except radiotelephone. / In 
radiotelephone, "PROWORDS" are used instekd. 
An exception to this rule is made when^a mps^ 
sage containing an operating signal is relayed 

- by radiotelephone; then the operator \vill transmit 
the group phonetically. 



ACP 131 contains a listing o^H Q and Z 
signals that are authorized for use by naval 
communications operators. You should study, 
ACP 131 carefully so that ycTu, as a communica- 
tions operator, are familiar with those operating 
signals that may be used when communicating 
with civil stations. Allied Nations, other naval 
ships, etc. Generally speaking, ''Q'' signals are 
for use between Civil Aviation units or ciyil 
international units; whereas, ''Z'' signals are 
primarily fop use between Allied military units. 
Naturally, all- Q and Z signals may be used 
between U.S.. naval units bepause all naval 
units should hold. ACP 131 as a basicT patt of 
" 'their shipboard communication puWicatlon al-. 
lowance. . ' 

* » Use of Operating Signals 

Operating signals may be used in one of 
two ways: As a question or as a statemeftt. 
Placing the proslgn *^INT'' before an operating 
signal places it in th^ form of a question. 
For example, let's assume that USS ABRAHAM 
LINCOLN (SSBN 602) ig having trouble com- 
municating with USS JAMES K. POLK (SSBN 
645) and inquires as to whether POLK Is being 
interfered with. (See example 1.) , 
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Example 1:- LINCOLN asks: 

NNBD DE NOKB INT ^QRM K 

POLK answers: * ^ 

NOKB ' DB NNBD QRM K 

In the preceding example, NOKB, ^sked NNBD- 
If he is Delng Interfered with ;by> using th^ op- 
eitttlpg sl^ls Wf QRM. QRM, When preceded 
HyjNT, means ** Are you being Interfered with?" 
^51^ means ^^Interrogative," NNBD answered 
'toy saying that he 'is being Interfered with. The 
. use of the opejating signal QRM by Itself means 
**I anrj being interfered with." 

Some signals mast be accompanied by a nu- 
merical suffix that completesy amplifies, or 
varies the basic meaning. For example, an op- 
erator may want to know what the strei^gth of 
th« transmitted signals Is at the receiving sta- 
tiom In order to ^ out, the following trans 
Ulsslon' could be sent between LINCOLN °" 
iLK: 

Sxample 2: 

NNBD DE NOKB int QSA K 
POLK answers: 
NOKB DE NNBD QSA4 K 



and 



In example 2, NOKB sent *'INT QSA,'' which 
hieans: '**What Is the strength of my signals?" 
NNBD answered: *'QSA4,". which means: **The 
strength of your signals Is very good.' ^ 

In comniunlcatlon with non-military stations, 
the proslgn ^'IM P' after the Q sigix^l Is used 
instead of INT ^y^fm^ the Q signal to give 
an ihterroga^jpjseanihg. 

Unless . tWy are en(Srypted, operating sig- 
nals: poss%iP^ no security and must be regarded 
as the equivalent^ of plain language. Operating 
signals sent on approved wire circuits that 
are properly cleared are r>ot considered com- 
promising* Also, operating signals sent on ap- 
proved on-line circuits are considered to have 
been encrj^ted. ; s 

MESSAGE CATEGORIES 

Naval comi^rfKlcatlons enable naval com-^ 
manders to make their wills known and, as such, 
ife the voice of command. Naval messages speak 
for and 'vlH the authority of the commander 
^o originHteci them. 



telecommunicatronk center (>p;cC). 

Commercial me^sagM^concerning death, 



AM official* message^, whether classified or 
not, Contain privileged Information.^ No person 
Is eiwltled to knowledge or possession of clas- 
sified or unclassified communications^ solely 
by pTtue of grade, position, office, or clear- 
anc^; a njeed to know must exist. The contents 
of iall -.ptiter personal and commercial mes- 
sages handlgd by naval communications are re- 
vealed only tQjfebe person(s) 'addressed and the 
personnel who^liist Jiandle them at the naval 

nter (NJC 
sagMTcc 

serious Illness, Injury^, etc., will be processed 
with adequate precautions in order to prevent 
their contents being disclosed to the addressee 
in a rash manner. Nornially,*local amplifying 
instructions clarify these particular methofi^ 
It is Important to remenil^r that ther^^re 
many types and categories of Xiiaval messages. 
Each type or category recelves\different treat- 
ment with reference to internal routing and 
distribution. However, there are \^ertaln cate- 
gories of message traffic that are common to 
most Radiomen. These message categories are 
usually similar In format and are reC9gnlzable 
on a repeating basis. When not similar In for- 
mat, they are usually ^recognizable by content. 
Although space precludes a total discussion of 
all the various message categories, the fol- 
iowlrtg Is'^ dlscusslbn of the more obmmon ones. 

Gene ral^ Messages 

General messages provide a standard distri- 
bution to a large^ group of addressees and g^re 
Identified by a repetitive short title (e.g., Al- 
NAV, JAFPUB, etc.). The types of genial 
messages, frpm wht)m they originate, and their 
distribution, are found In Appendix A of NWP 4. 

AH commands to whom general messages are 
distributed are considered to be action ad- 
dressees: however, it Is command responsibility 
tp determine what action, if any^ need be taken 
uper^ receipt ot a general message. Those gen- 
eral/messages which are.of sufficient operational 
importance to warrant Immediate delivery to 
forces afloat are sent on fleet broadcasts; those 
which are not are handled via the **Basegrarn" 
system (discussed later). 

Although general messages have a wide, 
standardized distribution, every command re- 
ceiving a partlcillar one may not have any 
paction to take. However, all commands are re- 
quired to keep a continuous numerical file of 
gill general messages that they are on the distri- 
bution Hst for and ^receive. Consequently,' the 
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general message files contain every general 
message received during the calendar year, 
In numerical order. The general message files 
are separate from all other fil^s and are*^b- 
divided according to identifying title or type. 
The following example shows what wcTuld be 
^ typical heading on a cormmonly received type 
of general message: \ \ , ' 

P 1708067 AUG 78 

FM SECNAV WASHINGTON DC 

TO ALNAV 

BT 

UNCLAS //N01600// 
ALNAV 08/78 

In this example, the ,llne Imriiediately prior to 
the subject line Is utlli^gd ta Inform the reader 
that this Is the elghth^LNAV message of 1978. 
The title *'ALNAV»» indicates this message is in- 
tended for wide distribution throughout the Navy. 

General messages are cancelled in the fol- 
lowing y ays: 

• 1. The first general messa'ge of a calendar 
year lists those messages of the previous year(s) 
(by nuVnber) which remain in effect. If neces- 
sary, interim cancellation" messages may be 
sent at other times during the year, 

2. An individual general message may in- 
clude its own cancellation date within the text. 
Additionally, a subsequent message of the same 
series may cancel a message, 

3. Geneiral messages which do not have a 
yearly cancellation message and are notassigried 
particular cancellation dates are automatically 
cancelled after 90 days. Normally, messages of 
this type are included in the Navy Directive 
System (NDS). / 

Basegrams 

' General messages that are not of sufficient 
operational importance to warrant immediate 
delivery to forces afloat guarding the fleet 
broadcast are called **Basegrams." The pur- 
pose of the basegram system is to reduce the 
volume of message traffic transmitted viaS the 
fleet broadcasts in order to keep the broadcast 
available for vital traffic. ' 

Afloat commands can obtain the missing base- 
grams that were not ^sent via the fleet broad- 
cast from basegram authorities. A basegram 
authority is a shore commander who is re- 
sponsible for proN?^^ding plain-text copies of base- 
grarhs to afloat forces operating within his 
area of responsibility. The basegram authority 



maintains a 'stock of plain-text copies of gen- 
eral messages applicable to forces afloat for 
pickup upon their arrival In port. * 

The originators of general messages may 
assign the designation BASEGRAM when ap- 
propriate; The word BASEGRAM Is the first 
word of the text Immediately following the se- 
curity classification. Those general messages 
designated gis bJisegrams will carry the op- 
ei^atlng signal "ZFP'/ (ba^gram) In the mes- 
sage instructions. ^ ' 

American Red Cross 

Messa|fes . ' 

* Thfe American Re^ Cross may uscf the fa- 
cilities of. naval communications, free of chajge, 
for sending and receiving emergfency and ad- 
^mlnlstratlve traffic as prescribed In U.S. Navy 
Regulations. However, In each case this privi- 
lege is subject to the- approval of the com- 
manding officer who may refuse to extend this 
service If it would prove detrimental to naval 
^dminlstratlortoiT operations. 

Red Cross messages are handled 'as Class 
B traffic and are normally in plain text. Most 
Red Cross messages are assigned a precedence 
of ROUTINE; however, critically Important ones 
' may be assigned up to IMMEDIATE over naval 
circuits. When the Red Cross is assisted during 
a civilian disaster, message traffic may be 
given equal precedence with military traffic 
over naval ' circuits at ^the discretion of the 
^senior officer present at the scene of the 
-disaster, ^ - ^ 

As a^ rule. Red Cross traffic Is not accepted 
if it ^annot be handled entirely over naval cir- 
cuits. The exception to this rule^ls whenever 
emergencies or disasters involving relief occur. 

Minimize Messages 

Military telecommunications systems tend to 
become overloaaed during an emergency. Nat- 
urally, it becomes necessary to reduce unnec- 
essary traffic volume In order to clear user 
circuits for essential traffic. This reduction In 
traffic is accomplished ^^y promulgation (us- 
ually by message) of the word ^'MINIMIZE,'' 
which has the following meaning: *4t is now 
mandatory that normal message and telephone 
traffic b^ reduced drastically In order that 
vital messages connected with the situation In- 
dicated shall not be delayed.*' 
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A message ^ordering minimize consists of 
the Word '^Minimize*' followed by the area 
affected (scope), reason, and duration of the 
minimize condition (when known) ."Tvfessages im- 
posing minimize; m ist be brought to the im- 
mediate attention of the Communications LPO 
and Communications Officer. 

During minimize conditions, messages should 
not be held for delivery after mi nfrnlze is lifted. 
Maximum effort Should be made to utilize air- 
niail letters and speedletters as a m'eans of 
delivering ^aff ic , observing security precautions. : 

CNO, Fleet Comnn'anders in Chief, knd area 
coordinatoi^ are authorized to impose' niinimize 
conditions on users of naval conxmunications 
Systems. Subordinate commanders may impose 
minimize over elements of their commands only 
with prior permission frbm one of those three. 

.During minimize conditions, FILasH and IM- 
MEDIATE traffic should \je kept to no more than 
100 and 200 words, respectively. Message re- 
leasers are also kept td a minimum and' are 
specifically designated. NWP 4 contains in- 
formation pertaining to the types of normal, 
environmental, and supply traffic that may be 
sent over normal channels and circuits during - 
minimize. 

Proforma Messages 

Proforma messages are messages whose sub- 
ject ^matter and sequence of textual content are 
preset and connot be changed by the originator, 
Figure 11-4 is an example of^a Proforma mes - 
Sage, tha't may be used to recammend either an 
urgent or safety change to N\Vp U(B). These 
are the only two subject areas for whicia this 
particular message can be used. , Notice that 
the textual sequence of informatnon follo\vs apre- 
set format. Whenever an originator prepares 
a message dealing with either of the two sub- 
jects showp, the text must follow the sequence 
shown,, including paragraph and sub-paragraph 
markings. ^ 

Proforma messages enhance the standardiza- 
tion of repetitive message sm^ject matter and 
ensure Idss ambiguity in those areas. They 
encompass a large variety of messages, such 
as Publication Change Hecommendations, Hydro- 
graphic Information, Movement Reports, etc. 
They reduce the chance' of error through inter- 
pretation, a, very imp'^^'^^f^t area, especially in 
movement reporting where misinterpreted in- 
formation could mean an at-sea collision or re- 
•Sult in communications personnel copying the 
wrong broadcast. ^ 



Many proforma messages are computer- 
generated. A number of autonnated systems, such 
as the World Wide Military Command and Con- 
trol System (WWMCS) and those employed in 
Tactical Support Centers (TSC), are capable of ' 
automatically generating messages with varying 
degrees of required ' message formats. These 
types of mf^esages are normally destined for 
a communications central processor designed to 
accommodate a,nd route sucli traffic, or they 
may simply be processed' dirSbtly into com- 
munications channels. 

Movement Reports 

Hundreds of naval fleet units are deployed 
at any one time^ F^r command and administra- 
tive purposes, it is necessary to have up-to- 
the-hour information on their location. The 
dissemination of movement report :nformation 
, is the function of the moyemenf report system. 

The controlling agency of the entire movement 
report system is the Movement Report Control 
Center at Washington DC (MRCC WASHDC). 
For reporting purposes, the world, is dividend 
into zones, and each zone is controlled by a 
movement report center (MRC). *The zones are 
further Jsubdi'vided into areas. Each urea i^ 
cont -^''.ed by a movement report office (MRO). 
A movement report center may receive infor- 
mation on movemehts all over the world, but 
movement report offices have information on 
movements in their area of responsibility only. 

Prior to deployment, a ship sends a move- 
ment report message which stattes time of de- 
parture, destination, route, speed'^of advance, 
and any other information required. Th^-^^mes- 
"^age enters .the system th roughs the MRO or 
MRC controlling the ^ij^a in which the ship is 
located. .The MRO^ or MRC then disseminates 
the infO]jmation to military and civilian activities 
with an; official interest in the location or move- 
ments of the vesseL Such activities include 
supply centers. ^ ^ ^'R. Heet broad- 

cast siations ^ ities. These 

movement rep i in accordance 

wit|i WVP 7. 

''(^'' Messages 

^Sti4ied Nations have navigational warning sys- 
tems that are used primarily during wartime. 
Certain portions of these sy^ems are used to 
promulgate classified information of a sensitive 
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FM ORiGJNATOR ^ 
TO NAVWARCOL 
INFO CNO 

CINCPACFLT or CINCLANTF LT 
. - NAN/AL SAFETY CENTER 
NAVTACDOCACT 

(Others at required, see Figure inNWP0) 



CLASSIFICATION//N03510// 



URGENT CHANGE RECOMMENDATION FOR NWP 11(B) 



or 



SAFETY CHANGE RECOMMENDATION FOR NWP 11(B) 



A. NWP 0 f 

B. AS PEQUIRED 

1. lAW REF A, URGENT (SAFETY) CHANGE IS RECOMMENDED 
FOR NWP 11(B) 



2.' PAGE. 
FIG. NO 



.ART/PARA. NO. 



.LINE/SENTENCE.. 



3. EXPLAII^ WHAT 1^ WRONG NOW. 



4. PROVIDE EXPLICIT INSTRUCTIONS HOW CHANGE SHOULg 
READ. 



V 



Figure 11-4. — Example of Proforma message. 
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nature that ^ the enemy would haveArouble ob- 
taining on his own, such as information con- 
cerning mioefields and channels through therni 
These classified portions of Allied navigational 
warning systems are known as messages. 
Information concerning the system is found 
Ih' AHP 1. Occasionally, the **Q" sygtem is used 
In peacetime fleet exercises at tbe discretion 
the officer conducting the exercise (OCE). 

to 

Service Mess^es 

Service messages are short, concise mes- 
sages betwieen comniunicatiOns personnel. For 
communication personnel, such messages have 
the authority of an official communication and 
are to be accorded prompt attention. If action 
JT^quested in a service message cannot be ac- 
complished within a reasonable time, the sta- 
tion who originated the |^rvice should be so 
notified. Service messages are normally as- 
signed a precedence the same as the message 
^ing serviced. . 

T^he number of topics that a service mes- 
sage may deal with are many, Dut youj^jij^ 
find that most deal with such things ^:s''cor- 
rectlons, repetitions, broadcast re-i'uns, mis- 
routed or jnlssent messages, etc. Primary to 
remenibeiMs that a service messag^^^ould be 
promptly Aealt with and retained lihtiiatl action 
regarding it has been completed. It is also 
good practice to either attach the service to 
the message proper when it is nied or mark 
the file copy with the DTG of the service (s). 

Requests for information through service 
messages should be kept to a minimum consistent 
with reliable communications to avoid over- 
loading circuits and to protect security. Re- 
^npiQmber, careful attention to detail and the 
employment of proper operating techniques by 
communication and crypto personnel will do 
niuch to reduce the number of service messages 



Service 



-3rvice messages are normally prepared 
in abbreviated plaindress format and may be 
assigned sequential reference numbers. The 
service message number will inimediately fol- 
low the abbreviation *'SVC'' in the message 
text. If tJsed, sequential service reference num- 
t>ers niay continue throughout the calendar year. 
When you are replying to a service message 
received with a referehce number, the text 



of the reply should r/ake -reference to the num- 
ber. For exanlple, I 

UNCLAS SVC ZUI SVC 0245 • 
RUEDCSA1234 1921600 ; 

The preceding example is a service message 
inviting attention (ZUI) to a previous service 
message With a reference num^r of 0245.00- 
casiormlly, you will see the abbreviation COSIR 
in a service message text^ which means: **Cite 
Our Service In Reply." 

The texts of all service messages begin 
with an indication of security as the first^ord 
of the text followed ,by the abbrevia\jion SVC, 
unless the service message is one requiring 
special handling. For example, \ 

' UNCLAS^VC ^ 

^ or, ' 

SECRET SPECATSIOP ESI SVG 



If a service message ^Quotes ythe textual con- 
tent of a classified message Vr reffrs to the 
classified message in a manne^ which reveals 
textual content, the service message must be 
assigned the same classification as the clas- 
sified message being serviced. 



Tracer tjssages 

Tracer messages are se' 
reason for . inordinate del.., 
non-delivery of a missagt 



determine {he 
he delivery/ or. 
.eviously Sent. 



Tracer action continues on a station-to-station 
basis until the cause of delay h^s been deter- 
mined. Upon receipt of tracers, each station 
should examine its records for the time of 
transmission of the message t)elng traced. This 
information is compiled and transmitted with 
the tracer action to the preceding station and 
to the station which originated the tracer. Any 
station which caused the delay or non-delivery 
will cite th^e reason and a resume of corrective 
action in th6 repoft. 

Tracer action requests will be initiated as 
soon as the discrepancy is discovered but no 
later than 30 days from the original time of 
transmission. In-station records, files, logs, 
and tapes win^ be retained t>eyond the thirty 
(30) day limit if a tracer action is in progress 
prior to the expiration date. Detailed information 
concerning tracer action can be found in JAnaP 
128. 



( 
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Termlnatioh rfequest messages are used to 
itabllsh at cltzOTTt with Another station on a 
limited or full-time' ba^js, whichever ts the 
desfre of the commander making the request. 
A termination request message is sent to the 
NAyCAMS in whose area the ship is operating. 
If' the ship has a requirement for^-a full-tinie 
termination, it will be assigned a routing in- , 
dicator by the cognizant NAVCAMS, NTP 4 con- 
tains, complete information pertaining to 
termination requests and their formats,"* 

Communications Shift ^ 
Messages ^ 

tpmrnunications shift messages are sent 
^hetnever you shift from one broadcast to another. 
The messages normally e/fect a-shift to another 
broadcast starting at 000//. broadcasts 
are shifted, an overlap period tjefore and after 
the effective time is observed to fen sure con- 
tinuity of traffic. ^ ^ 
& Shift messages are sent to the NAV(ViAMS 
of the comninnif'ations area or '.n'eas frorn which 
the old and ; aew broadcast originate". Shift 
messages are uorinally made nei'vc^^iuy owin^ 
tc^perational conPideratio- 
deployment ' of 

fTi'ide neces- n a conm. - - cti.s to ci i- • t 

a ^hift at a Lime other than that indicated by 
theii mbvement report. Information re^rding 
communications shift ni-ssages und thei r f5a^niats 
are contained in NTP 4. 

JCS Emergency Action 

Messages ) ' ^ 

JCS L:mergency Actjbn Messages (KAMs) 
contain key instructionJfe or information from 
high-level authority and irjve predetermined for- 
mats (profoi^a). Such messages are transmitted 
via various c%nmuni cations ^^y stems and nor- 
^mally carry FLASH precedence. They are vital 
message^ of an extremely time-sensitive nature, 
and rapid processing is mandatory to obtain 
the fast reaction required by their content. Usage 
and handling prc^cedures' are of higher classifica- 
tifjn and have \^en promulg^ited by 'the JCS 
to those who have a need to know, 

Submarine^l^eck Reports 

Submarine Check Reports ^e used to ensui^e 
safety accountability of sub^iarines. They are 



assign^ an automatic pricedencfe of IMMEDi-. 
ATP3^nd can be identified rjy the word " CHECK'' 
as the first word of the t^xt. (See figure 11-5.) 
If received for handling and further relay, these 
types of messages should be given expeditious 
treatment. Delays "and non-deliverie's can re- 
sult in the initiation of SUBMISS/SUBSUNK prp- 
cedures; The ^'TWp FOUR" contained in the 
text of the message In figure 11-5 indicates that 
the submarine is on a'* 24-hour chepk schedule. 



Message Cancellatiajis 

In naval coniniunicatfons, many types of m^s- 
s^g^s have self-contained cancellation dates. 

'^tfters, such as .those in the Navy Directive- 
System, are ^tomatically cancelled after 9o 
diys 'unless specifically extended. In any and all 
cases, it must be remembered that only the origi- 
nator ,ha^ the authority to cancel a message. Un- 
less . the process is self-contained, this.ig 

''Accomplished by drafting and releasing an entirely 
separate message that, refers to the message** 
to be eancelled. 

SECTION I, SUMIV^ARY ' ^ 

Section I has been an introduction to4)afft[c 
Message format, procedures, and typeQ.** It is 
by no means all-inclusive in these areas of 
naval communication^. However, the information 
presented in these i^asic areafs, coupled with the 



0 190810Z AUG 76 



y 



FM USS FRANCIS SCOTT KFY " 

^ TO ' COMSUBRON SIXTFBN 

JNFO qOMSUBGRU SIX 

ZOMSUBLANT NORFOLK VA 

BT 

U^1£LAS V 

thECK TWO FOUR SUBMARINE FRANCIS SCOTT KEY. 



76.145 

Fipire ll-5.~ExaKiiple o| typical submarine check 
report. 
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more detailed procedures ^nd parallel infor* 
matlon contained m JANAP 128, nTP 3, and 
IfTP^ 4, form the b^ls of a sound, working 
knowiedg^ of format and procedures. Section 
n of this chapter will present the formatting 
and basic Procedures relating to Optical Charac- 
ter Reader (OpR) Messageform DD 173. ^ 



^ V. SECTIOIU?. 
OpriCAL CHARACTER READER 
MESSAGE FORM DD 173 

"t 

One ?f ^he principal oj^jectives of the auto- 
mation program in Navy telecommunications is 
the elimination of routine, human functions which 
are most prone to error. Many message proc- 
e6plng functions have be^n automated through 
the introduction of Electronic device^ whi)-h ^are 
pfogram^^ed to pi/rform operations formerly 
performed hy communications personnel. One 
such d^^ce is the Optical Character .Reader 
(OCR) which raflidiy and accurately transcribes 
a type^^^^^ ongoing message into* a language 
compatlt^le with computer processing; The tWo 
niajor processing systems which employ OCR 
equimpent are the Local Digital Message Ex* 
chfci^e (LDMX) and the Naval Communications 
Proceefl)^ and Routing Systehi XNAVCOMPArs^. 
M^skg^^ to be processed through these sys- 
tenas W^QCR must be typed on Joint Mes- 
eageform DD-173, using a typewriter with an 
OGRE character set. 

GENERAL INSTRUCTIONS 

Joint Messageform DD-173 is available 
through Navai Supply System in two colors, 
red -or light bW_-^he color a particular ac- 
tivity m^'st us^ is determined by the type pf 
OCR ea^lpn^e^^^ xxsed by the serving telecom* 
municatlons center. Locally reproduced copiesr' 
of DD-X'^S cannot be used as they cannot 
process^ the OCR. / 

Specia.1 equipment, as discussed in SECNAV- 
'Instruction 10460.9B, is required for typing 
DD-173. It >s essential ithat the typewriters and 
carbon-type ribbons specified in this instruc- 
tion be used. Also,, it is essentia] that type- 
waiters ^ well mattltained to ensure production 
of darKf clear cl^racters. In addition^ only 
certain letters, nufnbers, and abstract symbols 
can be i^^ed in typing DD-173. (See figure 11-6.) 



Letters and rfumbers 
ABCDEFGHlJKLf1N0P(3RSTUVlJXYZD153MSb7flT 



Symbol 5 

Period 
Comma 

Question MarJc ^ 
Slant 

.Left Parenthesis 
Right Parenth^'s ] 
Minus, Hyphen or Dasii 
Blab , ^ 



Colon : 

Dollar Sifln ♦ 

Apostrophe * 

Semi -Co I on i 

Ampersand & 

Quotation MaVk " 

Hook tP 

Christmas Tree « 



Figure 11-6.'— Authorieed character 
DD-173 messagef^mu 
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DD-173 Alignment 

r ■■ ' ' * 
^ DD-173 messages enter^the telecommunicaJ- 
tions system through an OCR whidt ^b- progrant- 
rtied to process certain groupff^bf characters 
at specific locations ott-the feiessageform. If 
the form is misaligned before typing, or if the . 
spacing or m^^rgins dp not coriform to program- 
med requirements, then the OCR will not find 
the correct characters at the designated loca- , 
tions and the message ^vill not be entered into 
the telecommunications system. ' I / 

There are two extended horizontal Unfete |p 
the upper left and right hand margins V.!^" 
173 Avhich must be used as guides .to oiiftiin 
proper alignment. (See figure 11-7.) Prlor to 
Hyping any paJ^pf the message, adjust the form 
in the typewriter carriage so that a typed char- 
acter will , print between these lines, -^slng 
self-adhesive correction tape, cover over the 
typed characters used to:>^iign the form prior 
to forwarding for release. Once the aligi^ent 
has been made, do not realign the form. Do 
not remove the form fj-om the typewriter, for 
corrections^ then attempt to realign. ' ' ^ 

Spacing and Margins 

^11 typing entries in the header lin^s. ad- 
dress component, text] and distributior/ block 
must/ be double sp^ce^ Typing "entries below 
the distribution blfc^k ^low the second heavy 
line, shown in figure 11-7) may ye sinlgle f P^ced. 



237 



2^ 1 



ERIC 



/ 



RADIOMAN 3 & 2 



JOINT 


CFORM 


5eCU«ITY CLASSiriCATJON ^ 

UNCLAS^tFlElf. * " . , 




^ OMAmn Oft- 
nikiAtin-YiMi 




DCNCI 

iNro 








row MSSSAOC CiNTt»/COM 


MuNiCAtiONS CtNTCW O 






07*11 A 30 


ACT 
RR 


RR 




uuuu 














•OOK 


ME88a< 

■ t 5 _ 


3E HAN01.IN0 INSTRUCTION^ 







^ F.HOM: COMNAVTELCOfl WASHINGTON DC 
- • TO: WASHINGTON DC 



:0 



UNCLAS //N02320// ^ 
ALIGNHENT SPACING AND .HARGINS'. ** 
A. NIP 3 SECTION 02 ' • * 

1. THE ARROWS ABOVE POINT TO THE PAIR OF, HORI ZONTAL ^LI Nts UHICH 
nUST BE USED AS ALIGNMENT GUH>e:S FOR DD-173 HE^SAGES . ^ ^, ^ 

2. PRIOR TO TY'PING ANY PART OF THE^ MESSAGE. AD^U.ST.THE FoRm IN THE 
TYPEWRITER CARRIAGE SO. THAT A CHARACTER WILL PRINT BETUIEen TheSE / 
LINES. THE CHARACTER HAY BE CCvERED OVER WIT?< CORRECTION TAPE OR 
LEFT INTACT. ^ 

3. ONCE THIS ADJUSTMENT HAS BEEN MADE. DO NOT REALIGN The FORH • 
DO NOT REHOVE THE TORH FROM The TYPEWRITER FOR CORRE^CT^O^s.i 
ATTEMPT TO RE^ALIGN- ^ 

4. THE ARROW, BELOW POINTS TO ThE FORM LENGTH GUH)E. THE laST LINE 
Of THE TEXT >1UST NOT BE BELOW THE LAST NUMBER IN THE SERIES WHICH 
ISO. . ' . ^ 



OltTR: 



ONaFTKN TY^EO nave. TirLE. OrriCl »YM»OL.^MONE « qATe 

SMITH. ICSa. 654^1. lb 'APR 9 



^EO NAi^iE TITLE Or r rCC *'^0 ^HONE 

J.F. RTNLEY. IC05. flgMbl _ 



SPECIAL INlTWuCTlC"^* 

' DCNTC--r--'" 



oatc time onoup 



I 0102-00 l-«000 



DD 173 

Figure 11-7. Proper alignment.^pacing and margins 
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Typing Errors 



V 



For margin, the tl^ewrlter paper guide should ime of the text must not be below tH^ lait num- 
be set at 0, the left margin at 6, and the right ber in the series, which is 
margin at 75. These margin settings allow 69 
spaces or characters pet line maximufn, and 
this limit must not be exceede(J. 



At 'the lower l^ft-hand side of the form, 
there is a series of numbers which act as the 
form length guide. (Sige figure 11-7.) The last 



"typing errors cannot be erased. K. a typing 
error is made in the headerlines, it can be 
corrected using self-adhesive correction ^tape 
or the correcting function of^e iBM'Selectric 
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. n typewriter, if a typing error is made on an3C 
vOther part of theuna^ageform. It can be cor- 
: rected using either ottee two methods already 
mentioned, or' it can ^ struck over with the 
;ato8tract symbol ''bW (see figure 11-6), and 

• the ' correct character ' then typefi In* the fol- 
low^ 

f^" HcjaderfineB are located at the top of 
MesBageform. Tfae following Is a brief dlscussfbn 
of their basic usage. \ » , 

Pa^ Block , . 

^ - . 

^he Page block contains four numeric char- 
acters divldecj intot two sets. A single pdge 
message would, contain ''01 of 01*" in the Page 
block as showh^ In figure 11-8. Multiple page 
messages are numbered sequentially according 
to an estinag^^bf the total pgjge length. For 
- example, the^^^t page of an climated three- 
page message .would be numbered ''Ol 9f 03," 
the- second page "02 of 03," etc. the page 

• length is* estimated incorrectly, it is not neces- 
. sary to renumber the erttl re .'message. In ^such 

a case," it Is necessary only to make the actual 
number of pages tally with the total typed on 
the last two pages. For example. If a previous 
page is nymbered ''03 of^ 05" and page 64 Is 
the* actual last page, the ^previous must 
be rdnumbd^red ''03 of 04" and the last page 
•nunibered ••04 of 04.'» Other previous pages 
-do not vhave 'to be changed. (See figure 11-8.) 

/ Time Block 

•This block contains the Julian date and time 
. the message was typed. The* Julian Calendar 
sequentially numbers the days of the year be- 
^ giiming with 1 Jandary, and each day is numbered 
consecutively thereafter, (i.e., IJanuary Is Julian 
001 and 1 Febrtiary Is 032). Time is expressed: 
-^n Greenwich lyiean Tlnrle (Z). The entlr,e bloc* 
requires seven numeric characters. (See flguri 
11^.) 

Precedence Block ^ 

The precedence typed in the, Action and Info 
^b^ks must each be two letter codes, as shown 
iii" figure- 11-8. The precedence typed in the 
Iirfo block cannot be higher than that typed in 
^ the Action block. If there are no information 
addressees, repeat the Action precedence in the 



Info block. The following Is a listing of the 
acceptable two letter precedence codes: 



Prece de nce 

Emergency 

Flash 

Immediate 

Priority 

Routine 

Class Block 



Two Letter Code 

YY 
^ZZ 
. 00 

PP ' 

RR ^ 



The entry Jn this block must be a foUr- 
character security redundancy code, as shown 
In figure 11-8. in the event of readdressal 
messages and retransmission requests, the se- 
curity reduntfaricy qode of the readdressal or 
request' must equal that of th^ original mes- 
sag4.vrhe following Is a list of the four letter 
redunc|incy codes: > ^ 

* V Youp Letter 

Redundancy bode 



Classification 



Top Secret 
Secret 

Confidential ^ 
Unclassl:Jied 
Unclassified EFTo 
Speoat 



TTTT 
SSSS 

K cccg 
uuuu 

EEEE 
AAAA 



It should be noted that the Content Indica-*' 
tor Code block (CIC), LMF block. Date Jir 
block, and Month and Year block are left iSdaj'^^ 
On the second and subsequenf pages of a multiV 
pie page message, the Classification block 1? 
left blank. 



Book Message Block . ' 

A book message is one which is deafined 
for two or^ more addressees^ but Is off such , 
a nature that the originator considers /qiat no ' 
addressee need or should be informed of the 
other lid#res8ee(s). To indicate that a mes- 
sage typed on DD-173 must be handled as a 
book message, the operating signal ''ZYQ" is 
Inserted In the "Message Handling Instructions 
blo^^k. To Indicate that a message may be handled 
as a book message but need ribt be,, the op- 
erating signal ''ZEX*' Is. Inserted in tills block. 
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V 



RADIOMAN ^ .& 2 



^: ■ ■■ 



/ / 






MWCIOtMCI 


LMf 


CLAtt 


CIC 


fOM MIttAOK CINtlN/COMMUNICATIONt CINTIN ONLY 


NItSAMN TtH« 


.AC! 






uuuu 




1 ■ 


DATE TIMI 


ilONTM 












* 







JOINT I 



IIM 



C^Niy. CUAttiriCATlON 

UNCLASSiriEP 



FMOM! COnNAVTELCOn yASHXNGTON PC 
. TO) CNO WASHINGTON PC 

uMCL/is //Noeaeo// ' • * 

HEADERLINES 
A. NTP 3 

1. THIS riGURE ILLUSTRATES CORRECT CONSTRUCTION ANP TYPJCNG OF 
HEADCRLINES AS PELINEATEB IN REP A * 

2. THE HEADERLlni^^E^MTRIES ILLUSTRATED .ARE FOR A SINGLE PAGE MESSAGE^ 
or ROUTINE PRECEPENCEv WHICH IS UNCLASSIFIED. AND WAS TYPED ON 'THE 
lAbTH DAY OF THE YEAR^,AT 065^ GflT. i ' 



-'J 



OMArTiN TT^IO NAMl. TiTLI. orrtCf tYMKOL PNONI • OAT|. 

n.v. sniTH, ics2.a^4bi, it, aug fi 



ryPtO NAMt. TITLI. OmCl SYMBOL ANO PHONI 

J.F. BINLEY, ICQS, flEMbl 



■ ^ICtAu'lNtTNU^TIONS 

. -DCNTC-- — 



A'^ OS- 



DD 



"J, 173 



OATI TIMI OMOU^. 



l/H OtOS-OOt'tOOO 



Figure 11-8. — Headerlines constructions. 



76.137 



In either case, the Book Message block Is left 
blank. 

Multiple Page Messages 

There is a limit to the number of 
pages which can be used in the prepara-^ 
tlon of DD-173. NAVCOMPARS is capable of 



processing a 99 page message, .and LDMX is 
capable of processing a 40 page message. There- 
fore, users whose entry to NAVCOMPARS is 
through LOMX and users ^oee messages are 
processed only by LDMX are limited tb 40 
page messages. T)ie DD-173 form is used for 
the first and alKsubsequent piiges as there are 
no '^continuation*' pages used to supplement the 
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bafilo form. When the message ^.exceedes the 
99 or page mlillmumr respectively, a new 
message must be originated. 

ftftelfn^le page mebsa^es will result from 
two conditions: Firsts when the number of ad- 
dressees exceeds the number that can be typed 
cm one page (nineteen), and secondly, when the 
text exceeds the number of lines that can be 



typed on otle page. For multiple page mes- 
sages;, on the second and all subsequent pagies, 
only ^the^Page, Time,, and Classification blocks 
need be filled in on the header lines* (See 
figure 11-9.) The, printed FROM "and TO' ' 
designations should be typed through. It should 
also be noted that^ multiple page messages are < 
never stapled tojgether. If it is necessary to 
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THIS FIGURE IS ♦((oiE,)rAnPLE OF THE SECOND PAGE OF A TUO PAGE HESSAGE «^ 
THE DD-173 riESSAGJoFORII IS USED. AS BOT-H A FIRST^PAGE AND A 
CONTINUAlfk PAGE FOR nULTIPLE PAGE MESSAGES. WHEN USED^AS A 
CONTINUATION PAGE. LEAVE ALL HEADERLINE BLOCKS BLANK EXCEPT FOR 
THE PAGE AND DRAFTER OR RELEASER TIPIE BLOCKS.^ TH^^RINTED FROn 
AND TO PROSIGNS ARE TO BE STRUCKT OVER AS RE;<3UIF*tD. THE SECURITY 
CLASSIFICATION BLOCKS ON THE TOP AND BOTTOn OF THE FORM MUST' BE 
FILLED IN. ^ 



JOINT MKESAOKFOIIM 



jbHAffin on-" 



UNCLASSIFIED ^ 



MKS9AOC HANOLiNO iNSTHuCTiONj 

t 





CATI ■ T[MI, 


MONTH 


vn: 











JL 



OnAWTtm TVPIO NAMC. TITLI OrriCI SVMSOL FHONC m OATC 



NAMI. TiTLI orFiCI tVM»OL ANO PHONI 



tPCClAL iNSTMuCnONS 



tiCuJIlTV CLAStinCATlON 

^UNCL'ASSIPien 



DD /r"?, 173 



OATt TiMi amoup 



-1 



%/H oioa-ooi-«ooo 



ti g 1 0 p o J i2> ni 



76.138 



Figure 11-9. — Example of the second page of a^ipultiple-p^ge message, 

^241 



futen thekn toget^^^ prior to release or trans- 
iniSBlon, Use A-pajp^rclip. 

CONSTRUCTING THE 
ADDRESS 



OCR-equipped, automated mess^g^ processing 
sy sterna route outf;olng triiffic l)ased on a scan 
of the addresseed in the address comP9nept« 
Because of this, It Is neces8a]:;y that the cbmr 
mand short titles and gepgraphtc locations typed 
In the address component correspond exactly 
to the titles and locations Stored in the proc- 
essing system's memory. The phrase used to 
denote a command's short title and location 
^tog^ther, used for messa^ addressing, is **plain 
language address" (PLA). The supplement to 
NTP 3 contains the Plain Language Address Di- 
rectory (PLAD), The PL AD is a listing of approve^ 
Navy and Marine Gorps^plain language addre^^ 
ses. Plain language' j^dresses typed in the 
address component must conform to those con- 
tained in the PLAD. Do not add any characters 
or any form of punctuation. 

From and To Lines. 

Th6 OPiglrtator's plain laiiguage addrelss must 
l)egih at tab stop 26 and may not extend through 
tab st^ 75. It must be remembered that you 
start the DD- 173 at 2rero(0), and the '/tab stops" 
referred to arie' merely the numbers oo the 
numerical scale reading from left to right on 
your typewriter. The originator's PLA cannot^ 
-exceed fifty ^characters or spaces. A continu£(r- 
tion line cannot be used. (See figure 11-1Q.> 

The action addressees'. PLAs must beglh 
at tab stop 26 and may extend to tab stop 75. 
(See ^gure 11-10.) Unlike the From line, con- 
tinuation lines can be used for action, Info, and 
exempt addressees when their PLAs are longer 
^ than fifty characters or spaces. 

When using a continuation line, type the 
first fifty characters or spaces on the first 
line; then . at tab stop 31 of the next double 
spaced liipe, type the remaining characters. 
This procedure c^n be repeated as many times 
as necessary. Do not u^e any form of punctua- 
tion to indicate that the t'LA has been broken 
between two or more lines. Succeeding ad- 
dressees begin ^t tab stop 26^ 



^^euW^ spaced line below th la|t ' aotiotl ad- 
dressee.' (See figure 11-10.) If xhtfre are no 
action addressees, type the first information 
, addressee on the To line, preceded bjr tiie 
prosign ••INFO*^* In both cases, the pt*ign 
begins at the lab stop ill and is typei) oiA^ 
once. All information addressee^s* plajn language 
atldresses (PLAs) bej^ln at tab stop 26. If mort 
than one line is required for an addresseei's 
PLA,iUse the cdntinuation procedure already 
discussed for action t^dres^ees. * 



To exempJE' addressees, type the prosign 
*'XMT" on^the first, double-spa<jed line below 
the last addressee, startijjg^' at tab stop 2l, 
^Then, starting at tab stop 26, list the full 
. plain langu&ge addresses of the exempted ad- 
dressees, as shown in figure 11-10. If nior^ 
than one line is required for the PLAs, the 
continuation line procedui^ is as that used foi 
action and information addresses. 



Info and Exfempt Lines 



The first information addressee must be 
preceded by the prosign INFO on the first 



Transmits^ 
Other Means 



ais|,lpn 



By 



Action or information addresfeees >yho have 
received or who are to 'receive the message 
by other than electrical 'means must be pre- 
ceded by the operating signal ^*ZEN,'* followed 
by a al^t -.sign immediately before the PLA, 
The oderating isignal "ZEN** begins at tab stoj 
26, ttre slant at tab stop 29, and the PLA a1 
tab stop 30. The responsibility for ensurlnj 
delivery to those addressees designated **ZEN'^ 
by the originator, as well as the method o1 
livery, is assumed by the originator syid nol 
the telecn5mmunication center. * 

CONSTRUCTING THE; TEXT 

The first line of the text, which is the clas- 
sification line, begins one-^ double spaced line 
down from the last addressee, if the text begim 
on a new page,; it should start on the From Urn 
of the ne^ page. Th^ first line of the texi 
must contaifi the message classification, specia; 
handling instructions, code or flag words, anc 
the SSIC. (See figure 11-11.)> ^ ' 



Classification 



The first word of the classification line mus 
be the classification, and this must agree wit! 
the* four letter character security redundancj 
code in the Class block. Space mast be lef 
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iOlirr MBMAMrOMM / 


•ICUNITV CkAttmCATlON ^ 

UNCLASSIFIED 




- ««Arf «ii om 

UktAMtM TIMI 




MMCt 




CUA«« 




FOR MIttAOl CINTIR/COM 


MUNICATIONt Ct 
r 0ATI ' tlHI 1 


NTIN O 








PP 






uuuu 








marrm 






MIttAOl HANOLINO l^tTNUCTlONt 



rnoM: COnNAVTCLCOn WASHINGTON DC 
Tpi 'ZEW/COnNAVSrdCRU WASHINGTON K 

AI6 SIX FOUR ' - ^ 

INFO EP nOFFETT PRESIDENT • 

conncoRP • 

♦ • , • . .. ' 

UASl4lNGT0N 
XMT* NAVAUTODINSCEN AUffANY GA, 
UNCLAS . //N0B3Ba// ' - . 

ADDRESS c'bnPONENT ^. ' ' 

A. NTP 3 ' ^ 

1. THIS FIGUReWlUSTRATES ADDRESS COHPONENT C0NST1?UCTI0N AND . 
TYPING PROCEDURES AS ;>ELINEATED IN REF A PARAS 03.0100 THRU 03.0700. 

2. "ACCORDING TO THE ADDRESS COttPONENT ILLUSTRATED-. THE FIRSX ACTION 
^DEE RECEIVES THE ttESSAGE BY JdTHER THAN ELECTRICAL TIE A'NS . THE 
SECOND ADDEE IS A COLLECTIVE-. THE INFO ADDEE IS a'cOHIIERCIAL CONCERN 
AND THE LAST ADDEE IS TO BE EXEMPTED FROM AIG sTx FOUft- 

3. NOTE THAl"AI,L OF THE PLAS BEGIN AT THE SAHE TAB STOP •C2W>, AND 
THAT THE'.INlfo BEGINS AT TAB STOP Bli THE XflT AT 22. ^. " • 



J.E. SMITH, 33-. 2abl0-. lb APR 77 



TVFtO NAhlt. TITLI. OFFICE SVMIOL AND PHO>4l 

H.J. LAYNE-. 03-. 2abMfl 



■RECIAL INlTRUCTIONt 

- DCNTC 



AA- 



oi- 



OATt TIME OHOUP 



DD /r*;, 173 "^''> 
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Figure 11-10, — Example of the address component. 



between characters in the classification precisely 
as follows: 



UNCLAS 

UNCLAS « F T O FOUO 
UNCLAS E F T O 
CONFIDE N*T I A L 



r. 



SECRET • • 

TOPSECRET 

I 

Special Handling Markings 

Special handling instructions and code or flag 
words follow the classification. The special 
markings have the same meanings on tlie pD-173 
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2:3 



RADIOMAN 3 «t 2 



» l»AOt * 


ojkrrtu on 








CLASS 


CIC 


won MKSSAOK CKMTKM/COM 


MUMICATIOMS CC 












RR 




_cccc 






OTTi TiMi ■ 








>r. . M»— AOl MANOL.IMO IMSTRUfcTlOMS 







^ moM^ COMNAVTECCOn yASHINSTaN' "DC ' 

TO? CNO yASHINGTON »C 

CINCLANTIJ^T NORFOLK VA 
CON ^ D E N f I A L //N0232Q// 
CLASSIFICATION LINE AND TEXT <U3- 

A. NTP 3 * ■ , 

B. COMNAVTELCOn WASHINGTON DC 2106302 MAR 77 

^<C> THIS HESSAGE ILLUSTRATES CORRECT. tONSTRUCTI^N ^AND TYPING OF 
Hr>tXt COnPONENT OF DD-173 MESSAGES AS REfll^IRED V reF V ^ 
NOTE THE following: <U> . , 

A. <U> StiaUENtE Of TEXT ELEHENTS . 

B. <C> CLASSIFICATION HARKING OF SUBJECT LltJEi PARAGRAPHS AND 
SUBjPARAGRAPHS ■ \ ' , 

.C. <U> PLACEHENT OF THE DOWNGRADING INSTRUCTIONS . 

A, ... . ^ 

2- tU> REF.B ILLUSTRATES CORRECT CONSTRUCTION OF HESSaGE 
REFERENCES.. I^OTE THAT THE 'COnPLETE PLAIN LA'NGUAGE ADDRESS AiJd DATE 



TinE GROUP ARE C^TED- 
GDSAl 



^CONFIDENTIAL FOR^ ILLUST^A 



ORArrCR TVPCO NAMCt TITL.C, OF^lCC «YM»OL. PHONE A DATC 

J.E. SniTH. 33-. 20M01-. It APR 77 



TVPCO NAMC. TITLC, OPPICC SYMSOL. AnO PHQNC 

A.B. SE-A. DCNTC. 2aMDD 



SIONATURC 



£1 



TrbN> 



SPCCIAL INSTNUCTIONS 

DCNTC-- — 



AA- 



D3-- 



'•CONROENfiflL 



DD •Sr'?, 173 '°^> 



DATC TIMC OMOUP 



i/M oToa-oot-sooo * u.f.q.p.o j-tn-tw 

Figure 11-11. — Example of the classification line and text. 



naval message. These 
spelleB and spaced Exactly 




as they would 
markings must 

as follows: ^ ^ 

_ 

PERSONAL FOR R^Xmi SMITH 
PERSONAL FOR RADK SMITH FROM RADM 

JONES 
LIMDIS 



76.140 



LIMDIS CODE WORK 
NAVY EYES ONLY - - ♦ 

SPECAT CODE WORD * 
'SPECAT EXCLUSIVE FOR ^ 

Immediately following the special handling 
markings (if any)> is the Standard Subject Identi- 
fication Code (SSIC). This six character code, 
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^wimw i» derived • frpn;i SECNA V Tnstruction 
'^^O^il { )p 10 preoeded and followed by two 





li^iig Infltruotions and 
• ^ Line. * 

« <■•< •• 

W ji^.oy^r to construct a passing ibstruotion, • 
|||it|<^iH^^ command's ahort tUle, 

mm--^ oip(» code or individual's name. For 
%ct^ aVmossage from GOMSUBLANT to 
^COMSUBGRV SIX could contain the passing in- 
etruotlan **C0MSUBGRU six for 94GM or 
^♦COMSUBGRU SIX FOR RMCS (SS> SMITH." 
^PaABlng Instructions are to be typed consecutively, 
MMnnIng ftt tab stop 6, one double spaced lihe 
I^OW the Wasslfication line. 
• As shown in figure 11-11; the subject line 
tyag^hs at tab stop 6, one double spaced line 
Mlow the classification line. When passing in- 
structions are used, the subject line would begin 
One^double spaced line below the last instruction. 

Reference Line and Text 

As shown in figure 11-11, the first i'eference ' 
line begins. at tab stop 6, one double spaced 
line below the subject line. If there is no subject 
line, the reference line will begin at pxe same 
tab stop, one double ^ao6 below the classification . 
tine or passing instructions. Each ceference is 
lettered consecutively, one beneath i the other. 
The originator's complete pi^A, should be-cited, 
then the DTG. month and year. / . ^ , 

Textual paragraphs are jiumw red consecu- 
tively, e^ number followed by a period. When 
necessaE# for graphic C clarity, text lines may 
be indei»d a maximum of twenty spaces. 

Classification Markings 

j?^ ^^^EKPNA^ ) recjuites tha(;>ll elec- 

f^^aljy Vt^ahsnii^^^ •messages •be '^rigraph 
iliariblld for Classification When the text of 
tM lead-in portion of the paragraph is unclas- 
\Sified but 4tt>me or all of tlie sub-paragraphs 
are classified, the symbql denoftng the overall . 
classification of the paragraph will t>e shoJwn 
immediately following the paragraph number. 
The s^bol (U) will be shown at the end of the 
unclassified lead-in portion. (See figur*^ 11-11.) 

Whenever different items -.gf information in 
ohfb paragraph or sub-paragraph require different 
classlQcations but separation into paragraphs 
would destroy continuity or context, the hi^est ^ 
classification will be shown. Single paragraph^ 



messages with nq sub-paragraphs need not be 
marked /pr classification. Figure 11-12 illus- 
trates the proper markings used to indicate 
paragraph and sulH-paragraph classifications. 



Downgrading^and 
Declassification Ma 



i^^ings 



Downgi^ng^ and declassification marking!^ 
are typed, beginning at tab stop 6, one double- 
spaced line below the last.iline of ttie text. 
This line will show one of the following: 

1. ADS (day, mo, yr) — to Indicate advanced 
declassification for date or event earner than 
the General Declassification guidelines. J 

2. GPS (date) — for General DeclaflBlfi cation 
Schedule guidelines'.' jt . 

3. XGDS (number of exemption ycategory) 
(last two digits of the declassifidatiojl year)|^to 
indicate exemf)tion from the General Declas-^ 
sification Schedule, 

4. XCL (last two digits of declassification 
year) — for classifications based opf former Group 
1, 2^ 3, or ungrouped material.' ^ 

• ir • f : 

MESSAGE BEADDRESSALS . 

. When a message is readdr^ssed on DD-173, 
the header lines are prepared as already dis- 
cussed and in accordance with NTP 3 instruc- 
tionB. The activtty readdressing the message is 
the originator of the readdressal, and its PlA 
is typed on tfie /From line. The action, info, 
and exempted .addees ai;fe indicate^ In the ap^ 
propriate spaces «s pre^ously discussedJn con- 
structing the address. Figure 11-13 is an example 
of the basic infcxrmatlon identifying a,,read»eBsaU 
After the last addressfee, at tab stop 6, double 
space down, and type **f|adDR," Next, skip one 



(Jlcfssification 

Unclassified 
Jor dfficial Use* Onlj 
Corrndential 
Secret 
Top Secret 
Restricted Data 
Formerly Restricted Data 
NOFORN 




Mamii^ Symbol 

(U> . 
(FOUO) 
(C) 
,(S) 
(TS) • 
^ V . (RD) 

^ (NFD) 

e 

76.i47 

Figure 11-12. — Classification markings. ^ 
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ERIC 










XNNTMlMAai 


CfMM 




1 


IKCUMITY CLARIFICATION 

^ UNCLASSIFIED 












o«Arrt« om' 

MklAMU TIM 


MMCC 


MNCi 




CLAII 


CIC 


fiOn MEIIAOE CENTEM/COMMUNICATIONI Qg, 


NTKR O 


NLV 








nn 






uuuu 






DATS • TIMS , 








■OOK 


MK9IAOK NANOMNO iNITRUCriONI 



FMOMi COriNAVTELCOn UASHINGTOff DC 



TO=j|AVCAnS LANT NORFOLIC VA 
. INFO CINCLANTFLT NORFOLK VA 
RAPDR 7tOM21 . ^ 
JCS WASHINGTON DC//1S0303Z APR 7t 



ORAPTER TV^EO NAME, TITLE, OFFICE IVM»OL. fHONE • DATE 

n,v. sniTHi icDSyaMbi-, is jun.?? 



TY^EO NAME, TITLE, OFFICE IVMAOL ANQ ^HONE 



DD i':??*;. 173 



I^ECIAL INVrnuCTIONI 



NJSIC- 




1/N 010»-00*-***0 



Figure 11-13. — Example of Readdressal. 



^6,141 



space, and type in the Ax numeric character 
Processing Sequence Number (P6N) found at the 
lower left 6f the message being readdressed. 
(The PSN will be found on incoming 'and back- 
routed messag^s^rocessed through LDMX and 
NAVCOMPARS,) Next, double space down and, 
at ^tab stop 6, typer the plain^language address, 
two slant ^Igns, and «ic DTG, MO, YR of the 
message being readdressed. (See figure ll-l3.) 



Classi^fication and Prec^erice 

jjThe readdressal request form is unclassified* 
Hqwever, the four character security redundancy 
code entered in the Class blockof the readdressal 
request form must be the same as the code 
of the message being readdressed^ 

The precedence of the readdressal message 
need not be the same as the message being 



J. 
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Maddressed^ Readdressal mess'ageB are formally 
TOteasec^like any other message.^ < ^ 

SECTION n, SUMMARY 

Unless it is utfed properly, the DD-173 mes- 
'^ Bfigefprm cannot realize its true potential in the . 
areas of efficiency and expediency^ When thf' 



T^-173 is used properly, cominunications per- 
sonnel will find that fewer mistakes, normally 
resulting in traffic tie-ups and backlogs, are 
made,. This section of Chapter 11 has discussed 

^ many of the basic methods necessdry to properly , 
use DD-173. However, complete details are found 
in NTP 3 arid should be carefully stu(ll0d, in 
addition to the itiformatlon contained in this* 
section, - ' - 
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RAPiatElEPHONE PRCXTEDURES 



Ashore or at- se^* as a Radioman 

will include radiotel«Pht>^^ c^^^^unicatjons. Un- 
. covered, or non-eeC^r® ^^i^ transmission is 

* the least secure me^fl^ c^^'^unications, and 
rsdiotelephone Is th^ s^^Ure of all. Radio- 

• telephone communicft^*on^ &la/ ^ Wnportant part 
rJi in cjay-to-day fleet OPer^tion^ ^nd in the control 

c* cqastal and hajcbo^ 8li%ir}g« It is the easiest, 
^ost conyipnient met*iod Of r^ctying real-woi^. 
situation tfrafflc fr(?^ ^Mp snip or from 
shore to-, fhii^becaJse *^^r^ \is no tape to cut 
^ and send and ^ t©l|^typ^i*it^**'keys to depress. 
All that is neifSfiea^ ^^-t you pick up a 
trtosmifting microjJnf>iife ^^^^ak into it. 

Unless you arej ^^i^ 0®<5ure voice com- 
minications equipjme^^t, i* ^ w assumed that . 
ever3rthing yoil say ^h^^ u^l^ radiotelephone 
^ks Inteijgdiited. The inb^^n^ ^angers of inter- 
cepiioiircan be gr^^tly r^u^^d by adhering to 
tlfe) principles of etrlct ^iVc^^^t dmcipline-. Cir- 
.>cuit discipline is ^\f.^in^ by^e proper use of 
. radio equipment, ^dJ^er^^Cie prescribed fre- 
quencies and operatic** P^^^eC^^^es, proper train- 
ing, and monitori^, TP^ \0^^k of these things 
as well as , basic ii^Ug^ric^» Inaccuracy, and 
laxity are responsl^^le ^Oj. the violations that 
endanger the integri'ty ^^curity of radio- 
telephone transmlsgl^Jis. 

CIRCUIT DISCI^^LI^^ A^t^ SECURITY 

Radiotelephone tran0^\s0^^n& should/ be as 
short and concise pQ^glt^l^ consistent with 
clarity. Often, pers(?*^el oth^^* than trainl^^ op- 
erators- use radiot^^epl^^ne ^ulpment. These 
' personnel should \^ in^t):^<?te(j in the proper 
methods of utilizing the i^ic^^phone and equip- 
ment as well as cai^^ion^^l 1^* ease of inter- 
cept of the transmifi^^on# 

Adherence to^j^^crit^ operating procedures 
I is mandatory. De^&tion^ ho^ these procedures 
Ncreate>confus^on, j^uc^ re^^^bility and speed, 
J and tend to nullify seo^^ity Precautions. Once 



you are armed with iifformd^ionconcerningproper 
procedures, your initiative and common sen66 
can be used to satisfy specific operating re- 
quirements. TKe following, is a list of r^les to 
use to enhance proper circuit ^lisciplihe and 
transmission security: 

1. Do not transmit without proper authoriza- 
tion. 

2. Do not Violate radio silence. 

3. Do not transmit on a directed net without 
permission. ^ 

4. Do not transnjiit your name or personal 
sign. 

5. Do not excessively tune and test, 

6. JX> not use unauthi^zed plain language. 
Z^- PQ use authorized prowords. 



RADIOTELEPHONE 
SECURITY 




In addition to circuit discipline, proper se- 
curity precautions must be observed on radio- 
telephone nets. For example, on tacticar nets, 
many units at sea may be required to use clas- 
sified^^ca^L-fiiigns. If the operator does not ex- 
ercise an ^^renessTW the operating situation, 
the classifted\call c^ld be linked to the un- 
classified call sign for that ship. It is for 
thi6 reason that **BEADWINDOW*' procedures^ 
ha^ve been introduced into radiotelephone 
bedure. 

Bead^ndow is a real-time procedure which 
brings to the immediate attention of circuit 
operators the fact . that an unauthorized dis- 
closure Has Occurred. It also serves to alert 
other operator^ on the net of the disclosure 
and, thus, acts as an educational aid. The lopg 
term benefits from the use of this procedure 
are the increased awareness to proper use a| 
voice circuits throughout the fleet and, sub- 
sequently/ an Improvement in the security of 
uncovered Navy voice communications. * 
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Beadwindovf^^icrticedures deal with EssehU^l 
Elements of FrleiSBly Information (EEFIs), EEFI 
are established by operational commanders and 
identify specific items of infotmation which, 
If revealed* woifld degrade the security of mili-v. 
tary operations, projects, or missions Jin the 
applicable areas. The considered EEFIs, there- 
lore, may vary from operation to operation or 
from arent to airea. Table 12-1 is an example . 
of what a group of EEFIs designated for an 
operation mls^t look like. 

The Beadwlndow technique requires the use 
of > code word and numHier comWhatipii which 
is transmitted immediatply ,to the unit when- 
the >oode word disclose^ an EEFI. The code 
word .is used to notify the unit that it has com- 
niltted the disclosure, and the number provides 
specific identity of the item disclosed. For 
* example, when any station of the net commits 
a disclosure of an EEFI,J^e net control (or 
any station observing the disclosure) will call 
the vlolafor with a normal call-up, say the word 
"Beadwlndow** followed by the number of the 
EEFI that has been disclosed. The reply to the 
Beadwliidow message will be '*ROGER OUT/' 
This method allows the reported unit \o take 
immolate action correct the Insecure pi;g.ctice. 
tbifs particular situWtion, if the cdl of the 
control is '* Control* V and the o^l of the 
violator is /*Key,** the report would be as 
follow^ 



Control, Headwind ow Three, 
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"Key 
6VE«.** 



Th'e "reify would be: "Control THIS IS Key,? 
ROGEJl of T.** . ^ remembered that 

procedural Violations are not security viola- 
tions; therefor^j, tbfey donH fait into Beadwlndow 



criteria. 



Table 12-1. — Examples Of EEFI 



1. Disclosure of impending or intended 
operations. 

2. Disclosure of pati;ol area boundaries. 



3. 



4.> 



DiscV)sure of combat readiness of sh'ips 
or units. 




Disclosure of special coir 
capabilit /ies/. 



Iinicafion 



IMPORTANCE 0F ? . 

RADIOTELEPHONE . ^- ' 

Poor voice communications, in addition to 
creating confusion, reducing reliability and speed, - 
and nullifying security precautions, can adversely 
affect the success of the basic mission of the 
sl^ip during your present operation. 

A commanding officer, /regardless of the * 
mission of his ship, has only one "real tim(&»» 
means of communicating with his commander- 
and other units of a force: Radiotelephone. 
Your ship may be guarding aS nig|y'' as ten 
(10) or more voice circuits, ^each' having a 
spieciflc purpose and it« own particular proce- 
dures, Vei^ few of. these circuits will be op- 

' erated from communication spaces unles's you 
are on a small ship (i.e., a submarine or a 

. destroyer). On relatively large ships, the Cir- 
cuits are handled from the bridge and CIC. 

^ As an operator, you. are respV®*^^^ 
providlpg reliable transmitter and recover serv- 
ices to these remote operating positions, '^'hls 
entails establishing ^ communications on a net 
or clrciftt before making that net or, clrcujt 
available to the demote, operators. If you are 
not rf^re of the various nets guarded by your 
ship and their purpose, the overall communi- 
cations of the ship -will suffer, and the progress 
of the operation wlH^-be Impeded. 

It should be obvious that modern. high-speed 
naval operations make the ,e|lminatlon of confused 
radiotelephone operations absolute necessity. 
A hunter-killer 'force searching for an enemy 
submarine, for example, is not permitted the 
luxury of £C 5- or aO-mlnute delay in executing 
a screening signal. This unnecessary delay de- 
feats the purpose (speed) of the OTC in utilizing 
. radiotelephone! A one-minute delay by an air- 
craft carrier pilot In executing a vectoring sig- 
nal because he dldnU understand the message ^ 
)COuld easily result in the pilot's death. A sub- 
marine during shakedown operations may rlsks^ 
colllston with its .efecoft vessel during emergency 
surfaci^ng procedures if voice, pommunlcatlons 
a/e not clearly understood, y ^ ^ 

Wherfever posslbllfuse standard phraseology^ 
authorized prowords,^ and brevity code words. 
They eiAance reliability and clarity/ Moreover, 
variations from standard operating procedures 
offer, an ideal situation for enemy deception 
o\ af circuit. 
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BASIC/MESSAGE FORMAT 

JRadiotelephone (R/T) employs a 16-line mes- 
sage format. |See figure I2f-1.) Except when a 
Ibommercial or Intevnatkn^O^ivlt Aviation Or- 
ganization GCAO) f<^at is/ used, each R/T 
message is' prepared in plalndress, abbreviated 
plaindress, or codress. By far the most common 
message form in R/T traffic is the abbreviated 
pl^UWlress.- In fact, sometimes the abbreviated 
plaindre||Af:message 4s . so abbreviated that its 
resembllmce to the- basic message' format is 
barely discemifaBB. The three major ^nessage 
parts — heading, text, and ending-^are there, how- 
ever. Eacn'of these major parts is reduced to 
oomponentis ^and elements. All format lines do 
not necessarily appear ^n every niessager how- 
ever, .-when they are used, the lines win be in 
the order indicated in figure 12-1. 

Notice that the order of components and 
parts shown Jn figure 1 2- 1 , correspond to the 
order of the basic message shown in chapter 
11. BASIC MESSAGE ^FORMAT. Notice also- 
that '^PROWORDS,'' not prosigns are used in 
voice Coiittnunications, These prowords are 
spoken; it^ is Important that you, the op- 
erator, be completely familiar with those basic 
to the primary components. Table^ 12^2 lists 
many of the commonly , used communications 
phrases and words, their associated pr6word(s) , 
and explanations of these prowords. through- 
out this chapter, prowords are shown In all 
capital letters, r ^ \ 

The follo\ving is a discussion of the lines used 
in the R/T message format listed in figure 
12-1. 

FORMAT LINES 
1, 2, 3, AND 4 

Format line 1 is not used in radiotelephone 
procedure. FormatV lines 2 and 3 contain the 
call, the proword *^5yiESSAGE," and the trans- 
mission identification. 

The call may take one of the follow- 
ing forms: 

(1) Full Call - 

Washington (station called) 
THIS IS 

Lincoln (station calling) 



rivi; 



(2) AbbreNriated Call - 

THIS is) 3 ' 

Lincoln ^ (station calling) • 

Normally, a full caiy is used to establish com- 
munications originally. Once communications^are 
established and no ambiguity will result/ an 
abbreviated call may be used. To feirther ex- 

i pedlte voice communications, the proword *'THIS 
IS'' may be omitted by the receivfi^ station 
when the station is responding ^ to a call, so 
long as communication conditions are good. Also, 
when two stations are in continuous communis 

> cation with each other on a circuit or net. 
not shared by a third station, the calf may 
be omitted entirely provided no confusion will 
result and communication conditions are good. 

When a collective call sign is used and there 
are addressees that are to be exempted, you 
do so in the* call by the use of the proword. 
"EXEMPT" followed by the call sign(8) of the* 
'station(s) exempted. For example: ^ 



Edison (collective call) 
EXEMPT 



Marshall 
THiajS 
Lincoln 



(station exenH{ted) \ 



(station calling) 

Notice that there is only one station exempted 
in this call-up; however, if there had been more 
than one station, they would all have been spoken 
prior to the proword "THIS IS." 

After the caUi transmit the proword "MES- 
SAGE" if you wish to indicate' that a message 
which requires recording is about to be trans- 
mitted. For example: ' - 

Lincoln (station dalletl) ^ 
THIS IS ^ " 

Washington (Station calling) * ' 

■ <- >> 

MESSAGE (message is to follow) 

The transmission. Identifibation is normally 
a station serial number and is used mostly 
in teletypewriter procedure. When used in voice 



Chapter 12 — RADIOTELEEIJPNE f>ROCBDURES 



PARTS COMPONENTS ^ ELEMENTS 



FORMAT 
LINE 



CONTENTS * 



T 
E 
X 

T. 



•LI 

H 








1 . 


Not used. _\ 1 


r < 

i 


Procedure ■ 


a. 


Call 


2&3 


Stations called - Proword FxEMPT. 
exempted cal^s. . • 
Proword THIS IS - station calling. 






b. 


Message follows 




Proword MESSAGE. 

Proword NUMBER and station serial * 




c. 


Transmission 








Identification 




number. 


A . 


■•. . • . 

: . -. 


d. 

- 


Transmission 
Ins;tructions 

— 


4 




Prowords RELAY TO; READ BACK;* DO NOT 
ANSWER; WORDS TWICE; Operating sig- 
nals; Address Groups; Call Signs;^ 
Plain Language designators. ^ 




Preamble 


a. 


Prec|dence; date- 


5 


Precedence designation; Proword 


D 


« 




time'group; mes- 
sage instruct iops 


J 


TIME: date and time exores^ed in 

• • ' " • ^ W W ^ will W f \ 1 W O • 1 1 

diaits. a/id zone suffix fnllnwpH bv 
mf\th indicated by the first three , 

1 ptt'Pr*; ■ and if rpniiirpH Kv n;4"Hnnal 












authorities, the.year indicSited by 








f 

. -1 '. 


t hp laQt" t'Uin Hinit'Q* nt\oY*Afinn 

u 1 IC 1 U 3 U l«riu u 1 ^ 1 , UtICi a L 1 ilU 

sigrwl^ and proword EXECUTE TO FOLLOW 


I 


Address 


a. 


Originator's Sign; 


6 


Proword FftOM. 

Originator' s addresi designator. 






Otfjiginator 








b. 


Arftton Addressee 
Sign 


7 


PVoword T0\ Action addressee 
designator. 


N 




c. 


Information Ad- 


8 


Proword INFO. Information addressees 






dressee Sign; In- 
formation Addressee 




designators. 




f 


d. 


Exempted Addressee 
Sign; Exempted 


9 


Proword EXEMPT. Exempted addressee 
^ designators. 


G 






Addressee 




n f 



Prefix 



a. Accounting Infowna- 10 Accpunti 
tion, group count word GROUP 



ngt 
UP9 



ymbol ; group count; Pro- 
(GROyP NO COUNT) 
. At S— — ^ 



SEPARATION 



11 



Proword BREAK 



Text 



a. Subject Matter 



.12 CLEAR^ UNCLASSIFIED, proword SERVICE, 

and/or.Jnternal instructions as ap- 

propriate; thoughts or ideas as 
expressed by the ojfvfg in^tQr. 



A R A T I 0 N 



13 



Proword BREAK 



E ' 


Procedure 


a. 


Tijne Group 


14 


Proword TIME. Hours and minutes ex- 


N 










pressed in, digits and zone suffix. 


D 










when appropriate. 


I 




b. 


Final Instructions 


15 


Prowords WAIT, CORRECTION, 


N 










AUTHENTICATION IS, MORE TO FOLLOW, 


G 










Station designators. , 








Ending "Sign 


16 


Prowords OVER, OUT . 

: : - — 
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i 




radioman's & 2 
L ^ ^ (. ...^ 






J ^ / - ^ 
' Table'^l2-2,^R/T Prowords * 




Proword 

♦ .' ■ 


Explanation 


Proword Eaulvalent 


ADDRESS GROUP 


The group thalf follows is an address 
group. 




AIL ARER 


The portion of the message to which I 
have reference is a11 which follows 


AA ^ ^ . 


ALL BEFORE 


.The- portion of the message to which I 
have reference»is all that precedes 


AB ■ ^ 


AUTHENTICATE 


, ■ » ; . 

« The station called 't^o^reply to the 
challenge which follows. 


7 


AUTHENTICATION IS- 
BREAK 


The transmission authentication of this 
message is 

\ 

I hereby indicate the .separation of 
the text from other portions of the ^ 
{Ti^ssage. ' j 

The grdi4^ that follows is a call sign. " 


. . ■■ 1 
BT 


CALL- SIGN 




CORRECT 


You are -correct*, or /what* you have trans- 
mitted is correct. 


C 


CORRECTION 


An error has been made in this trans- * » 
mission. Transmission will continue 
^with the last word correctly transmitted. 


.EEEEEEEE ' 


-'•V ^ 
^ ' . \. 


An error hi?, been made in this trans- 
mission jljSr message indicated). The 
correct version is . 


C 


- DISREGARD THIS 
' TRANSMISSION-OUT 

♦ • 


That which^ follows Is corrected version 
in answer ±o your request for 
verification. 

:^ . ^ 

This transmission is in error.. Disregard ^ 
it. This proword shall not, be used to 
oancel any me"ssage that has been com- 
pletely transmitted and for which receipt 
or acknowl edgement' has been received. 


c 

• 

EEEEEEEE AR 


DO NOT ANSWER 
_J ■ 


Stations called are not to answer this 
call, receipt for this-message, or 
otherwise to transinit in connection with 
this transmission. When this proword is 
employed, the transmission shall be ended 
with the proword "OUT." 


F 
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Table 12-2. — R/T Prowords— Continued 



Explanation 



Proword Equivalent 



fXECUtE 



EXECUTE TO FOtLOW 



EXEMPT 



FIGURES 

# - - 

FLASH 
FROM 

GROUPS 



GROUP NO co(;nt«. 

I AUTHENtlCATE 



IMMEDIATE 
IMMEDIATE EXECUTE 

INFO ^ 

I READ BACK 

I SAY AGAIN. 

I SPELL 
I VERIFY 



9^ 



Carry out the purRprT of the message 
or signal to which this applies'. To be^ 
used only with the Executive Method. 

Action on the messajje pr signal which 
follows is to be carriedjout upon 
receipt of the proword "EXECUTE." To 
be used only wi^^h the Delayed Executive 
Method, % ' ' 

The addressees immediately* following 
are exejnpted from the collective call. 



Numerals or numbers 

( 

Precedence FLASH. 



follov^ 



The originator of this message is 
indicated by the address designator 
immediately following. , " ^ 

This message contains the number of 
groups indicated by the numeral 
following. 

The groups in this message, have not 
been counted. 

The group that follows is the reply 
to your chal^hge to authenticate-. 

Precedence IMMEDIATE. / 

Action on -tihe message -or signal /(^low- 
ing is to be carried but on receipt 
of the word EXECUTE. .Jo be used only 
with°the Immediate Executive Method. 



The taddressees immediately following 
are addressed for information. 



IX (5 sec das^) ' 



IX 



XMT 



FM 

Gl^ 
, GRNC 

IT 
INFO 



Tl?e following is my response, to your 
instruction to read back. - ' ? 

I am repeating transmission or portion 
indicated. - ^ 

I shall spell the next word phonetically. 

That which follows has been verified af 
^your request and is' repeated. To be used 
only as a reply to VERIFY. 



IMI 
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Table 12-2. — R/T Prowords — Continued >^ ' 



Proword 


Explanation 


Proword Equivalent 


MESSAGE . 


A message whichr^nequires recording 
is about to folto^. Transmitted 
immediately after the call. (This pro- 
WO ra IS not us^o on nets primarily 
employed for cbhyeying messages. It is 
intended^ for use when messages are 
passed on tactical or reporting nets. ) . 




NET NOW 

NUMBER 


All stations are to net the^ir radios 
on the unmodulated carrier wave which 
I am" about^o transjiiit. 

Station SeriegyNumb^^ 


NR / 


OUT y 
OVER 

^ 


This is the end of^y transmission to 
you and no answer is required or 
expected. ^ 

This is the -end of my transmission jvto 
yuu diiu a rcbpunbe IS ncCcSSdry. ucx 
ahead; transmit, . 


" K 


W^ORITY 


Precedence PR|^RITY. 


p 


READ BACK . 


Repeat this entire transmission' back to 
me exaCLiy as receiveo. 


"fey 

r \ 


r\tDKUMULM o 1 YUUrC 

NET 


Link the two nets under your control 
for automatic rebroadcast. 




RELAY (TO) 

Roec^ . 


Transmit this message to al 1^ addressees 
immediately following. -^y 

I have received your last transmission 
bd L 1 s rac lo ri i y 


I 

K 


ROUTINE 


Precedence ROUTINE. 


. R 


SAY AGAIN 


Repeat all of your last transmission. " 
Followed by identification data means 
"Repeat (portion indicated)." 




SERVICE 


The message that follows is a service 
message. ^ 


SVC 


SIGNALS 

■ 


The groups which follow are taken from 
a signal book. (This proword- not 
used on nets primarily employecr for con- 
veying signals. It is intended for use 
when tactical signals are passed on non- 
tactical nets . ) 
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Prowor.d 



ILENCE (Repeated three 
or more times) 



•SILENCE LIFTED 

SPEAK SLOWER 

STOP REBROADCASTING 

THIS IS 

'TWE^*,W.^ ci^^ . . 



TO 



UNKNOWN STATION ^ 



VERIFY 



WAIT 

WAIT-OUT 
WILCO 



Table .12-2, — R/T Prowords — Continued 



Expl anation 



Cease transmissions on this net 
immediately. Silence will be main- 
tained until lifted, (When an 
authentication system is in force 
the transmission imposing silence is 
to^e autli^er^cated, ) , , ' 

Silence is lii;te^ (When 'an authenti- 
cation system 'is in force the trans- 
mission lifting silence is to be 
authenticated. ) 

Your transmission is at too fast a 
speed. Reduce speed of transmission. 

Cut the automatic link between the two 
nets that are being rebroadcast and 
fevert to normal working. 

This Wansmission is from the station 
whose^^designator "immediately follows. 

That which immediately follows is the 
time or date-time group of the 
message. 

The addressees immediately following are 
addressed for action. 

The identity of the station with whom 
I am attempting to establish communi- 
cation is unknown. 

Verify entire message (or portion 
indicated) with the originator and 
send correct ver^sion. To be used only 
at the discretion of or by the 
addressee -tC). which the questioned'-^ 
mess-age was directed. 

■ I must pause for a few seconds. 

I must p^^e longer than ,a few seconds. 

I have, received your signal, under- 
stand It/ and will comply. To be used" 
only by the addressee. Since th^^ 
meaning of ROGER is included in that 
of- WILCO^ the two prowords are never 
used together. ^ ^ 




^Proword Equivalent 



HM HM HM 




TO 



AA 



J 

AS 

AS AR 



/ 
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^ tI^Ic 12-2. — r/t Prowords — Continued 


Prowojrd 


^ ^ Explanation ^ 


Proword Equivalent 


WORD AI<ER 


1 ne wura or tne message to which 1 have 
reference is that\vhich follows 


> WA 


WORD BEFORE 


The word of the messaae to which T havp^^^X / 
reference is that which precedes 


WB ' 


WORDS TWICE 


Communication is difficult. Transmit(ting) 
^ each phrase (or each code group) twice. 
This proword may be used as an order, 
request, or as information^^ 


. 'r .". 

r- 


WRONG 


Your, last transmission wa^^S)rr4ct. The ] 
cocrect version is ) . 





corWnunlcatlons, howevei*, the transmission 
Identification will be the last element of format 
llhe^ 2 ^ahd^3 and will consist of the station 
serial number preceded by th» proword **NIJM- 
BER.'» . ^ 

Format 1 ne 4 contains the transmission In- 
structions which may consist of prowords ''RE- 
LAY (TO),'» ''WORDS TWICE,'' ''DO NOT 
ANSWER," or ''READ 
these words Is explained later^ 

FORMAT LINE 5 



"FROM^" "TO," "INFO,*' and "EXEMPT,'* 
respectively. Whenever the originator and the * 
addressee are In direct communication with each 
other on the same circuit, the call may serve 
as the address. Figure 12-2 Is an^Mmple of 
an R/T transmission showing^ elements of th^ 
heading components (lines 2 through 9K 



BAQJ^ The use of 
.terrh^^this chapter. 



FORMAT LINE 10 



I 



Tlfls format line contains the precedence, 
date-time group (DTG) , and any necessary mes- 
sage Instructions. When a date-time groto Is 
transmitted orally the precedence Is spSken 
(e^., "PRIORITY")>Trtid the DTG Itself Is 
preceded by tjie proword "TIME.'' For ex* 
ample: "Lincoln THIS IS Polk, PRIORITY, TIME, 
Three Zero One Four FouvT Five Zulu.'' 

Message Instructions are not normally re- 
quired In R/T messages. When Included, they 
consist of short aii^ concise Instructions which 
indicate the status oflthe message is-nd remain 
with It until the station of destlnatlonjls reached. 
For example. If the message Is k suspected 
duplicate, the phrase "This Message Is A Sus- 
\^cted Duplicate, *' will Immediajtely follow the 



FORMAT LINES 
6, 7, a, AND 9 



These format ^nes form the address of the 
message and are 'recognized by the prowoi*^ 



Thi^ lln6 Is identlfie(^ by the proword 
"GROUPS*' and may contain the accounting in- 
formation and group designation. Accounting sym- 
bols are seldom used on R/T clrouitsr^^u^iey 
may appear on messages received ^or relay over 
tt/T circuits. These accoun^fhg symbols are a 
comblna^on of letters used tp Indicate the agency, 
service, or activity whlchv aspumes financial 
\^re^)onslblllty for the message^ 

R/T messages are usually short, and a group 
^ount Is seldom used. If th^ group count Is 
sent, the number of. groups will be prececled 
by the proword "GROUPS" aAd will appear 
In the message prefix. When groups are not 
counted, the prowords '^GROUP NO COUNT" 
*will be used In messages which bestr an ac- 
counting symbol. 

FORMAT LINES » 
11 THROUGH 16 

Format line 11 contains the proword 
"BREAK," and separates the heading from the 
text. It is not necessarily used but should be 
used whenever conf^jslon between the heading and 
text is possible. 
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transmission 

l/ncoln 

This is ' 



(Collective Call) 



1' 



POLK ^ 
MESSAGE 

PRIORITY . 
TIME 

THREE ZERO ONE FIVE ONE ZERO ZULU 
FROM 

POLK ^ 

TO , / 

LINCOLN 

INFO ^ 

KEY. 

EXEMPT 

EDISON (Exempted addressee from Collective Call) 



Figure 12-2. — R/T message shomng all possible elements of the address component. 
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Format line 12 is the text of the message 
and expresses the idea of tne originator. The ' 
primary difference bet^^^een an R/T text and that 
of other types of communication is tl\^t an R/T 
text must spoken. Therefore, it is^f primary 
Importance for would-be operators to Qioroughly 
familiarize themselves with the proper phrases 
and prowords that ^e commonly used in com- 
munications texts. 

Format line 13 contains the proword 
**BREAK** separating the text from the ending. 
It should be used when confusion between the 
text and the ending is likely. 

Format line 14 is ui^ed only when a time- 
group is transmitted here and takes the place 



of a DTG in format line 5; For exai^iple, some- 
times a DTG is not determined prior to trans- 
mission. It, may be omitted in format line 5, 
therefore, and sent as a time-group in format 
14. li^consists of the proword '*TIME** 
followed by&ie time-group plus the zone suffix. 
For example, if you are in time zone "B** 
and send a time-group in format line 14, if 
might be spoken: 

TIME 

Three One Zero Eight Five Zero 
Bravo (Time Zone) 
meining " 310850 B." 
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Format line 15 contains any final instnjc- 
tions^ that are necessary. It is identified by 
the prowords WAJHT." d,**CORRECTION/' AU- 
THENTICATION IS," or **MORE TO FOLLOW/' 

Fbrrifettjine 16 is identified by Ahe prowords 
**OVER" or ;^OUT/' Every transmission ends 
with either «*OVER'^ or .**0UT/' except that 
the proword «'OVER" may be^mittfed when two 
stations ar^ in continuous communteation with 
each other on a circuit not shared with atiwcd., 
station. In all transmissions where the proworcf' 
«*D0 NOT ANSWER" is used, the transmission 
must be ended with the proword **OUT." 



ClRCnT PROCEDURES 

There are many procedures associated with 
radiotelephone. Muph of what is done and said 
overman R/T circuit has to tye a result of proper 
techniques and training, coupled with common 
sens^ and experience. There is no logical method 
to cover every conceivable situation that may 
arise when voice communication is used. There 
are many simple procedures that are basic to 
R/T and arise time and again on these circuits. 
It is these procedures along with their operating 
rules that we are going to discuss in this 
section of the chapter. 

VOICE COM\U NICATIQN- 
REQUIREMENTS 



Voice communication requirements may be 
grouped into two basic categories: Operational/ 
Tactical and Administrative. ^ 

Operational or tactical nets apply to most 
voice circuits used at sea, even though some 
circuits are often used to pass administrative 
traffic. These types of circuits can be sub- 
categorized into two distinct types: 

1. Short Range 

2. Long Range 

Administrative circuits miiv include \)oth shoi't 
and long-range communications t)ut .'ipplv rn^stl\' 
to voice circuits used in port. 

Short-range opei'atlitnal comniunicati()ns nor- 
mally utilize the UHF frequency spectrum (225- 
400 MHz) and low-power , line~of-sight equipment. 



Because of these frequency and equipment char- 
acteristics, the effective range usviaUy is 20 
to « 25 njlles'^'^This limited' UHF i4"tl^e offers 
no security, and transmissions are ^Iways subr 
ject to enemy "interception. Transmissions, how- 
ever, are limited somewhatto the local p^eographic 
area, making interception more difficult. On 
the other hand, UHF ^mmunications may be 
extended in range through the^ proper use of 
relay procedures. . ^ 

More and more, ships must report to OTCs 
from • lOT^, distances. Long-range frequencies in 
ihe mediuna and high frdiuency spectrum (2 - 
/32 MJflz), therefore, are used. As discussed in 
chapter 6, the propagation characteristics of 
these frequencies make them desi,rat)le -for long- 
range communications. Further increasing the 
range capabilities of long range communications 
are single-sideband (SSB) methods (previously 
discussed in chapter 3). 

Administrative nets are normally used in 
port. Included in the administrative category are 
voice circuits that are neither operational nor 
tactical. Seldom is there such a circuit in at- 
saa communication plans. Examples of adminis- 
trative nets are harbor common circuits and 
tug control nets. Naturally, these nets take on 
an operational function during any situation re- 
quiring emergency procedures (e.g., natural dis- 
asters, civil uprisings, etc.). Circuit require- 
ments vary from port to port as established by 
the Senior Officer Present Afloat (SOP A). Both 
the VMV and MF/hf spectrums miy be used 
for administrative nets. 



XOCAL HARBOR 
CIRCITTS 

Voice call signs in JANAP 119 are pro- 
nounceable words taken from the English language. 
^They are for tactical use and are designed to 
facilitate ^eed on tactical radio circuits. These 
voice calF? signs, when assigned to specific 
units or activities, d^not provide security of 
address. 

Administrative shore activities are not as- 
signed voice call signs in JANAP 119. Con- 
sequently, a ship Cannot use a tactical call on 
administrative ship-shore circuits. When operat- 
ing on ship-shore radiotelephone circuits, ships 
may use their international call signs, spoken 
phonetically. I' or example, international call 
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Sign NORB is \Dpk( 
Bravo." Also a^il 



ipken ^'November Oscar Kilo 
liable for use is the pro- '< 
cedure descrited in the next paragraph. ; 

A In U. S. ports and U. S.-controlled ports oVer- 
>*seas, names of ships serve as voice call signs. 
As a rule> .the USS" prefix, hulKdesignations 
ancj numbers,, arid first names or Tnitials of ( 
Ships need not be nndluded in the voice call 
unless they are essential for clarity. The same 
Is applicable to shore activities on adm'nistr^- " 
tive nets. The activities may use their adminis- 
trative title in an abbreviated form, consistent 
with clarity. For example, a Mobile Technical 
*Unit 2 may have a voice call of **MOTU" on 
an adnr^inistrative circuit. 

Port authorities qpntrolling loc;il harbor voice 
circuits are identified by the word **CONTROL.'» 
For- example, if the USS Francis Scotfe Key 
(SSBN 657) is entering port in New London, V 
CT, its initial call to New London Control in 
order tS 'Check into the local harlx^r net would 
be: -C' # 



Control THIS IS Key, OVKR.*' 

If the Key were to call the Fuel Control, their 
call would be: 



Directed Net 

In this type of net, stations 'are required' 
to obtain permission from the net control sta- 
tion prior to communicating with other stations 
in the net. The exception to this rule is when 
a station has FLASH traffic to send. Also, 
transmissions on a directed net may be ac- 
complished in accordance with a predetermined 
schedule. 

Free Net 

In this type of net, member stations nieed 
not obtain permission from the net control sta- 
yon in order to transmit. A free net, however, 
does not relieve the net control station of the 
responsibility for maintaining proper circuit 
discipline, 

.It is common for both free^ ajid directed^ 
^nets to have a collective call sign.' For example, 
figure 12-3 diagrams, a radiotelephone net that 
consists of the following stations: Key, Lincoln, 
Polk, Washington, and Roosevelt. For this ex- 
ample, assume that the net control^ station 
(NECOS) is Key. Notice that the collective call 
sign for the entire net is '^Poseidon." 

OPENING THE NET ^ % i 



««Fuel Control THIS IS Key, OVER.'' 

Remember that the simplified type of call 
is authorized only in V. S, ports or 14. S.-controlled 
ports. If a ship is in a port thiit is not under 
U.S. control, it must conform to the inter- 
national practice Qf using phoneticized inteV- 
national call signs on radiotelephone circuits. 

TYPES OF NEXS ^ 

There are two types of R/T nets: Directed 
and Free. The type of net used is determined 
by the operational situation. Regardless of the 
type of net ujsed, a Net Control Station (NECOS) 

-is assigned to monitor the circuit or circuits 
and enforce circuit discipline. Enforcement of 
circuit discipline, however, is not the only 

' reason for having n net control station. vSome- 
times there are so many stations sharing,- a 
common circuit that a net control "station is 
necessary to facilitate the efficient handling 
and passing of R/T traffic. The following \s a 
discussion of the two types of nets. 



The responsibility for opening the net for 
the first time or reopening the net after it' 
has been^.^t€Tnporariry secttred belongs to Key. 
(See fig. 12-3.) To accomplish this on a free 
net. Key would transmit: 

-Poseidon. THIS IS Key, OVER." 



KEY 



POSEIDON 



LINCOLN 



V ASH N( • ^ '^N 



POLK 

76.150 
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After ^iie transmission, all stations answer in 
alphabetical order: 



**K^. THIS IS Lincoln, OVER." \ 
**Key, THIS IS Polk, OVER,'' etc. 



After all stations on the net have answered, 
Key then sends: . 

''Poseidon, THIS IS Key^, OUT.** 

This last message from J^eV informs all stations 
that their transmissions wtere heard and that 
he has no traffic for them at the time. ' 



If for some reason a station does not reply 
to the collective call withlh approximately 5 
seconds, the next station wou' * ^ 
gequeri6p. Then*,^ if possible, 
,tlon will answer last. If. the ^ 
^is having feome difficulty that p 
to the caH, it reports in to th^ 
as possible with the transmission: 



answer in proper 
e delinquent sta- 
itatipn concerned 
;gnts an answer 
net as soon 



*Key, THIS IS (name of statl 



Reporting in To Net,'OV 

At/this time on 
cerned would go 
mlttlng traffic tQ 
a preliminary ca 




net,' the statiohs con- 
he business of trans- 
icy each other, following 
I; For example, if Lincoln 



has traffic for Washington, it would let Wash- 
ington know this v//th the call: 

**Washjngton, THIS IS Lincoln, p\(EH." 

Washington would acknowledge with; 

**Lincoln, THIS IS Washington, OVER," 

Lincoln would then send its trstfec. ' 

On a directed net, when all commtHncations 
over the net are to be controlled by iHhke^et 
control station. Key would call the memb^ sta- 
tions and announce that the net is directed. In 
this initial transmission, he would request in- 
formation on the status of any messages out- 
standing. For example: 



''Poseidon, THIS IS K^y, This Is 
A Directed Net, Of What Precedence 
And For Whom Are Your Messages, 
OVER." 



Each subordinate station then answers in order, 
indicating its traffic on hand. For example: 

*^Key, THIS IS Lincoln, I Have 

One IMMEDIATE And One PRIORITY 

For You, OVER," 

*'Key, THIS IS Polk, No Traffic. 
OVER,*' > 



etc. 



After all stations have checked into the net. 
Key, would **R^GER** for' the transmissions 
and commence to clear traffic in the order of 
priority. For example: 

Poseidon, THIS IS Key, RbGER, 
Lincoln Send Your IMMEDIATE, 
OVER.*' ^ 

When Lincoln has een( and obtained a receipt 
for its transmission, net control then gives 
permi^on to transmit to the station with the 
nejct highest precedence traffic.i^ 

After the initial traffic is' cleared, stations 
having messages to transmit to other stations 
on the net must first ot^tain permission from- 
net control to do*o. For example: 

*'Key, THIS IS Roosevelt, I Have 
One ROUTINE For Polk, OVER." 

Net control would then answer: 

**THIS IS Key,.Send Your Message, V 
OVER.*' I 

It is easily seen that circuit discipline is 
a necessity. ^ fleet operations, whether it is 
a ship entering po^-t or a major fleet e>^rcise, 
voice communications are required. The number 
of necessary^ circuits and nets will increase with 
the complexity of tlye task at hand andthe number 
of units participating. Whether the net is free 
or directed, therefore, the net control station^ 
has a large responsibility. In expediting#nessage 
traffic. It should also be stressed that each sta- 
tion is tasked with the responsibility of assisting 
net control in the proper passing ^^gf^traffic. 
Adherence to proper opei^a^lng procedures aitfl 
communication stancjards is the only thing that 
will keep a net free of backlogs and tie-ups. 
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R/T CIRCUIT LOGS 

Circuit logs should be maintained on all 
radiotelephone nets or circuits when practicable. 
The circuit log shows a complete and continuous 
record of transmitted and received traffic, as 
well as operating conditions which occur during 
the watch. The log should include such data as 
the following: 



Log entries must not be erased. Any nec- 
essary changes are made by drawing a single 
line through the» original entry and indicating 
the changed version adjacent to the lined out 
entry. Such changes should be initialed by the 
operator making the change.^ 

THE PHONETIC 
ALPHABET 




(1) Times of opening and closing by individual 
vstations. 

' \ ■ ' ■ 

(2) Causes of delays on the circuit. 

Frequency adjustments and changes. 

Unusual, occui(rences such as procedural 
and secuyity violations. 

\ 

(5) Changing of the watch. 

i 

When operating wwl^itlons permit and when 
there are no instructions to\the contrary, every 
transmission heard by an oi^arator should be 
recorded, ^regardless of the souf^ or complete- 
ness,, This rule applies to all tactid^l, command, 
an(^' reporting nets. On others, a Modified log 
maV be kept. - \^ 

Some nets may require only a mckJif;ed log-^ 
for ready reference, cfn all nets/circuits that' 
require complete logs, however, autorrtftic re- 
cording deuces should be utilized in order to 
ensure a total record. Time should \)e 
matically or manually recorded at intervals 
not exceeding five miautes. 
\ 

When '^^Xmessage is addressed to or is to 
be relayedoy the receiving station, the mes- 
sage must be written in full on a message 
blank. Thus, only Sufficient details need be 

""Hii^rted in the radio log to identify the mes- 
saged If the message need not be recorded in 

\^ full o\a message blank, the transmission' should 
be reci^rded as completely as practica^ble in 
the circuit log. 

When opening a new circuit or starting a 
new day's log, the operator should write or 
type in his name and rank/rate or grade in 
full. When an operator is relieved or closes 
the circuit, heymiiHj|tgn the log. The oncoming 
operatdr then wri!^ or types his name and 
rank/rate or grade in full in the log. 



Many letters of the alphaliet, sound similar. 
For this reason, the standard phonetic equiva-^ 
lents of the letters of-^the alphabet are used 
in radiotelephone communications. Usage oflhf 
phonetic alphabet saves the many corrections 
and constant repetitions that would otherwise 
be necessary. The following is the alp)/abet , 
with > list of its pho^^etic arjd spoken equiva- 
lent!^, the capitalized ^portions of the spoken 
equivalents are the parts of the word that should 
be ^pien the greatest emphasis when spoken: 
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Let\er 


r^nonctiL/ 
Equivalent 


Spoken 


A ' 


ALFA 


AL fah 


B 


BRAVO 


BRAH voh 


C 


CHARLIE 


CHAR lee 


D 


DELTA 


DELL ta 


E 


ECHO 


' ECK oh 


F 


FOXTROT 


FOKS trot ^ 


G 


.GOLF ^ 


GOLF 


H 


HOTEL ^ 


hoh TELL 


I 


I^DIA 


IN dee ah 


" J 


JULIKT^T 
LIMA 


JEW lee ett 


! 


KEY loh 
LEE m^ih 






MIKE ^' 


N 


NOVEMBER 


no VEM ber 




OSCAR 


O^ cah 




/ 
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Letter 


Phonetic 




p 


PAPA 


Pah PAu 


Q 


^ *^ ^ 4^ \j 


Row rrk*a nh 

vjvv *ne on 


R 




s 


SIERRa 


ATT) -r^ak 


T 


TANGn 




u 


UNIFOtjl\i 


**oe lorm 


V 


VICTOR 


^tK tah 


w 


WHISKEY 


^SS key 


X 


XRAY 


f^CKS ray 


Y 


YANKEE 


"^AnG key 


Z 




ZOo loo 



When signals -fronj ^aA^^l ^%nal books are 
transmitted by voioe^ na^i^g Of flags (Alf^, 
Bravo* etc.) are used ae tf^e/ ^appear in the 

-signal books. Difficult wt^i'cje ^ithin the text 
of plain text mess^^s m^y phonetically 
Spelled, using the phf^neti^? al(^*^^bet, preceded 
by the wordp Wl^^n the operator 

can pronounce the^Wof^ to ^P^lled, he does 

' so tyeiore and after t^^e ^P^nif^g of the word 
to be identified. Fot* ^Xart^Ple, ^ phrase in a 
plain text message rt^ight oo^^^^in the words 
'*Kisatchie Reservatiof^**. ^^ot^ teaching these 
two words, the ^>per^|;f^^ wc^ld say: 

\ **Kisatchie, I S^^^lL^. Kilo, In^ia, 

ISierra, Alfa, Tango, c\^^x\[€^> \{0^^\ I^dla, Echo. 
'fKlsatchie, Reservation'' • * . ' •(rest of te^). 

Whenever a text jg ^=^omPOse'^ .of pronounce- 
able words, the worc}^ ^ill ^^oKen as such. 
Where a text is ^oifPtedt th^ groups^^e^to 
be trans^mitted by,' the Pho^^^tiC? Equivalents 'of 
the IrtHividual letters ^^ict Mth^^ the proword 
'*I SPELL." For example, the ^^crypted group 
''*D^RM'' will be spoke^. "P^U^» Homeo, SieWa, 
Romeo, Mike," and Coyf^^^c^ o<^^ group, ! 

PRONUNCIATION OF 
NUMERALS , 

Care must be tal^gf^ to distinguish numerals 
from similarly prou^o^^ced w^^^^s. To do^o. 



the proword **FIgurES'» may be used preceding 
such numbers. For example, if the text of a 
radiotelephone message contains the ph^aser^ 




\^uii*f-*"v.« XI apoKen as ii is wnwcu. txix op- 
erator, therefore, cbuld use -the "FIGURES" 
proword wl^n this phrase is reached in the text 
by saying, *'From FIGURES ®ne Zero Com- 
panies," It should be pointed out, however, that 
the proword '*l SPELL" could be used here. 
For example, upon reaching the same phrase in 
the text of a message, an operator* could trans- 
mit as follows: ««From Ten, I SPELL, Tango, 
Echo, November, Ten, Companies." When nu- 
merals are transmitted, their correct pro- 
nunciation is as followsVJ/ 



Numeral 


Pronounced 


0 


ZE ro 


1 


Wun 


2 


Too 


3 


Three 




Fo wer 


• 1 


Fife 


6 ^ ■ 


^Six ; 




SE ven 






8 


Ait 


* 

9 


NIN er 



f<" is always spoken as "Zero," 
Decim^ points are spoken' as 
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The numeral * 
never ae *'Oh." 
*'Day-see-mal." 



Generally speakiJig, numbers ape^ansmitted 
digit by digit, except that ^ exact multiples of 
thousands are spoken as such. Tie re are special 
cases, such as Anti-Air Warfare, reporting pro- 
cedures, where the normal proiynciation of nu- 
merals is prescribed and- thisjfule does not 
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ipply. For example, In this situation, the number 
L7 would be pronounced **Seventeen," and not 
*One-seven.»» xhe following is a list of numbers 
incl^elr normal R/T pronunciation: 

dumber Pronunciation 

11 Wun Wun 

55 » Fife Fife 

1000 Wun Tou-zand 4. 

1920. Wun Niner Too Zero 

34,000 Three Power Tou-zand 

349,204 . Three Power Niner Too Zero 
Power 

DECIMALS, DATES, AND 
ABBREVIATIONS 



^ The decimal point should be spoken 
Tk **DAY-SEE-MAL.'' Por example, 920.4 would 
be spoken as **Niner Too Zero DAY-SEE-MAL 
"F^er.'' 

Dates should be spoken digit by digit, with 
the nionths spoken in full. For example, the 
date **20 Septmeber'' is spoken as y Too Zero 
September." 

« y 

There are sevl^ral rules concernine^abbrevia- 
tlons In the text of an R/T message. Por ex- 
ample. Initials used alone or in conjunction jvith 
short tlltles are spoken phonetically. The phrase' 
**Para A»* would be spoken j,as **Para Alfa.** 
Th'^ initials <'ACP** would be spoken as ''Alfa 
Charlie Papa.*' 

Personal initials are spokerrphonetic ally , pre- 
fixed by the word /'INITIALSJ'^ Por example, 
the name **D.R. SMITH'* would be spoken as 
•'INITIALS Delta Romeo Smith.^* * 

Frequently used abbreviations used in normal 
speech may be used in the same manner when 
transmitted via radiotelephone. For/ example, 
the word ''NATO" is spoken as ''N^TO.'* The 



PUNCTUATION 



ship *'USS Canopus" is spoken as USS Canopus.** 



- When punctuation is .necessary in a radio- 
telephone message, it should, be pronounced as 
follows: 



Punctuation 
Comnxa 
Period 
Parenthesis 

Oblique Strok^ 
Quotation Marks 

i 

Hyphen 
Colon 
Semicolon 
Dash 



Spoken 
COMMA 



FULL STOPor PERIob 



PAREN/UNPAREN or 
OPEN BRACKETS/ 
CLOSE BRACKETS 



SLANT 

^ r 

QUOTE/UNQUOTE 



HY 



COLON 



SEMICOLON 



DASH 





Roman numerals must be transmitted as the 
corresponding Arabic numerals, preceded by the 
word "ROMAN.". For example, the Roman nu- 
meral III would be pronounced, ^'ROMANTJire 



USE OP OPERATING 
SIGNALS 



Operating signals are not designed for radio- 
teleo^one, transmission, in R/^jfc(procedure, op- , 
erat^g information -ig norn^ly< conveyed in 
concifi}€ j)hrases. It is permissible, rhowever, ^ 
to uise'' operating signals contained inXACP 131 
inste-ad of standard RAt phrases in the follow-; 
ingJnstances: 

(1) mere there :are .language difficulties^ 

(2) Where practic|il and wherWihere is no 
risk of confusion; ' 
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n such instances, operating signals should be 
transmitted using authorized phonetic equiva- 
lents. 



USE OF PROWORDS 

Table 12-2 contains a listing of prowords 
that are authorized for g?Bneral use. Prowords 
are used to ejqpedite mepsage handling on clr-: 
cuits where R/t procedures are empl3yed. In 
no case must a proword or combination of 
prowords be substituted for the textual com- 
ponent of a message. Between units of different 
nationalities, prowords may be replaced jby 'their 
equivalent protfigns, where these exist, spelled 
oiit using the ^authorized phonetic equivalents. 

RADIOtELE PHONE 
CALL SIGNS ^ 

Radiotelephone call signs may be assigned 
^ by OPORDER, tactical COMMPLAN, or per- 
manently^ via a corhnrionly-held communications' 
publication. They may be of a permanent or 
temporary nature, and they may be internation- 
ally usable or locajly promulgated. In any event, 
the call signs identify tfche station and are used 
to establish communications. : 



It is- required that a , ship use its call sign 
when a net ^ is first established or^when the 
shi|) is reporting into previously established 
nfet. After this initial contact, ^n abb'i^eviated 
form of' comnnimications toay be usied, as dis- 
cussed earlier. If^call sign encryption is ^in 
effect and ship/unit naifies appeal in the text, the 
name .sjiould be reyftaced the^ encrypted call 
sign, or address gDOup of the ship or unit. When 
used in this m^m^^Fj the call sign or address 
group may be preceded ,by the prowohd **CAL^ 
SIGN'' nv '^ADDRESSyQ^OUP'V^ appHcabli 
and as deemed riecessary. ' ' . 

ESTABLISHING 
COMMUNICATIONS 



/ 



The- proQedure for callina^nd answering^ 
5n a free^#ar directed net hka already bee^ 
discussed. There are. times, however, when 
you must establish communications with a ship 
or station on teVnporary basis for the purpose 
of passing ^necessary traffic/ This consists of 



no more than a simple call-up to initiate, 
contact and to determine whether com- 
^munications conditions are good or bad. For 
example, if the USS Abraham Lincoln wants 
to contact the USS George Washingg n on a 
commonly guarded frequency, the inlflSl call 
would simply T 

' ^George Waskin gton THIS IS Abraham . Lincoln, 
OVER." -^1^ ^ 



Upon hearing the initial call, Washington» g>eplv 
would be:, ' ^ ^ % 



'^ Lincoln THIS Is Washington, OVER/' 



i 



At this point, Lincoln would inititate anoth* 
call'-up and indicate that it fias traffic to pass 
to Washington. ^ - 

To utilize circuit time more'^H^cientlj^ ^1 
messages or their substance should be writtwi 
down pfrior to t^^ansftiissiom Thtose messages 
which must^be delivered bYW receiving op- 
erator to another person or Mdiioh are preceded 
by the proword *'MESSAGE»» should be written 
down. 

Transmissions should be clear with nattural 
emphasis on each word except th^ prescribed 
pronunciation 6f a numeral. » is also technically 
practicable thgrt th^ sending operator pause after 
each natural phrase and interrupt the car^ifr 
mtPmentarlW to allow the other station to ijimk 
in if necei^ary. An operator should always ^SiSten 
to mak^ sure that the'ciijcuit ds clear befoye^ 
initia4;ing a tran^mislBlon. If it if^ necessary to/ 
initiate test signals either for the -adjustment^ 
of ^ transniitter or receiver, such sWnals shoiiW.^ 
not exceed 10 seconds and should to co^hposed* 
of spoken numerals -(1, 2, 3-, "fete.) followed 
the call sign of the station transmitting' the 
signals. * 



Sequence of Call Signs i 

^Oi^Jnartly, call signs and/or address groups 
in message heading^-^ould be "Wahged in al- 
phabetical or4er in ttOi form in ^ich they are 
to be transmitted, whether plain or ^encrypted. 
For this purpose, th^ slant sign (/) and\ numerals 
1 through 0 are cons^ered the tweritV-seventh 
through the thirty-seventh letterslaf the al- 
phabet. When abbreviated pall eig^ are used 
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on a net, the sequence of answering a collective 
call should be the same as If fu^ call signs were 
in. use, thus avoiding any confusion that may 
arise when these call signs are changed from 
full to abbreviated. 



Signal Strength and ^ 
Readability 

■ ■ 'J 

A station is understood to have good signal 
strengtH^and readability unfess the opera|x)r Is 
nbtlfled otherwise. Queries concerning signal 
srrengtii and readab);llty should not be exchanged 
unlgss one station cannot clearly hea.r another 
station. The standardli^phrase used in, a call-up 
that questions signal -strength and readability is 
th^e proword ''RADIO CHECK.'' For example, 
let's assume -that USS Abraham Lincoln initiates 
a call t(i USS George Washington and wishes to 
know the status of communication^ conditions. 
The initial call would be: 



Good/Bad Communications 

Conditions \ • 

Naturally, the ideal situation exists when 
atmospheric conditions and interference, do not 
present a problem to successful communications* 
DuTlng good conditions, message p8c^.B need only 
be . transmitted once and, ^ dependmte upon the 
operational situation, prellmlnarjf c^«)tre sAtie- 
tlmes optional. ♦ ^ y 

On the other handy condition^ are sometimes 
anything but ideal, which can present a problem 
to an inexperienced operator. It should be stand- 
ard operating procwire to any operator to trans- 
mit all call signs twice when, communication is 
bad or difficult. Phrases, words, or groups may 
be transmitted t^vice and indicated by the /use 
"'of the proword ^*WORDS TWICE.** Recei/tion 
may 'be verified by use of the prowor^ <<READ 
BACK.y' For example', if bad communication con- 
ditionsv exist and Lincoln has a message for 
Washington that reads;. **Moor Starboard Side 



\ OVER." 



Washington THIS IS^ -Linc^ln , RADIO CHECK, 



Tender, the transmission would be 



'^ Washihgtdn , Washington 



Upon hearing 'this transmission satisfactorily 
and determining that communication conditions 
are clecJI, Washington would then answer: 

" Lincoln THIS IS Washington , ROGER, OVER." 

The omissijpn of comment on signal stj/^ength 
and readability is understood by L incoln to mean 
\ that the reception Is loud and clear. If any 
adverse conditions existed that were impeding 
Washingtoaa^s ability to maintain satisfactory 
'communications, Washington would have used one 
^iifeafies. (considered pro words) shown in 



THIS 



IS, Linciln,^ 



Lincoln , "WORDS ^\\ICE, WORDS TWICE, Moor 
Moor Starboarcf Starboard Sl^e Side Tender 
Tender, OVER.*' 

Upon rfeceipt of the mesaage, Washington woUld 
th^n properly ROGER for it. To/ensure reception 
during (GSmmunications dondltidjns, ijlncoln could 
have erMed)the above transmission with the pro-, 
word *'RkAD BACK,", sent twj^d. .This would 
require \yashipgton to i^e^d baick the message 
verbatim In woi-ds twice tornj, thus ensuring 
that it was properly received. 



/ 



ilk'a8es.t( considered pro words) - ^ 

^ i^^. For^exarpplef, if the"ti»an3MTssion 

wasj^'nSt consfSer^d sk^ by Washington, 

the rppl3(;^rpJghS^^e bee^^ 

^' Lincoln THIS OS \pshington, U^EAK and DIS- 
TORTED, OVElC*'~~^ , 

a' station that wishes to inform another 
Of signal strength and readability will do so by 
' means ^ of, a Abort and concise • report of actual 
^reception sucln^K. "Weak but' readable,'' ''Weak 
witli^nterfer 
by/>^^"5*KDiir^tT^^ are not authorized and 

are^w^iflSicatiyl^sigi^jl strength and quality 
^^^/^eceptlon. 



T 



' Anqther method of using ''READ ^^^^^ 
procedure^J^ta^do so^ without using "WOllDS 
TWICE. '*"^or example, if Lincoln wanted Wash- 
ingtoa to read back the meseage to ensure re- 
ception but did not want to use ^^ords twice* 
procedure, the transmission would have been 
as follows: , 

c 

"VVashlngton, THIS IS Lincoln, READ BACK 
Text, BREAK,, M(X>r starboard Side Tender, 
OVER." ' . 

Washington would then answer: 

^ ^Lincoln, THIS IS Washington , I REAH BACK 
Text, Moor 'Starboard Side "Tender, qVER. 
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Table 12-3. — Prowords concerning signal strength and readability. 



General - 
RADIO CHECK 

ROGER 





^VE'RY WEAK 
FADING 



Report of readabil ity - 



CLEAR 
i- READABLE 
UNREAD/<^E 

DISTORTED - 

WITH INTEpfFERENCE 
INTERMITTENT 



What is my signal strength and readability, 
i.e., how do you hear me? 

C ^ * if - 
LJiave received your- last transmission 

Xsatisfa,ctorxily,. The omission of comment " ' 

on signal sticpngth and readabil ity 1s^ under- 

stood to mean that reception is loud and 

J ear. If reception Is other than loud and 
ear It ;nust bQ descrijbed with the prowords 
om subparagraphs (2) and (3b) below, 

VTo be used wh>«' no reply is recell^ed from • 
^ called station, ^ ^ - " . / 

signal is very strong. 

Your signaT-^strength is good. 

Your signal s^ength \% weak, 

Your signal st)L6ngth:is v^ry weak 

Atitimes your serial strength fades to such . * 
an extent that co>^tiiiuous reception cannot 
be relied upon. 



f 



E^ccel 1 ent qual ity. 

Quality ^is satisfactory^ • 

The quality of your transmission is so b^id 
that ; cannot read you. 

Having trouble .reading you because your 
signal is distdrted. . 

Having -tro^jble readi^ji^g you dufe to interference. 

Having troul?le reading you because your ' 
signal is intermittent, • ' 
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Satl^lytd that Washington has properly received 
the ni^sage, Lincoln would then send: 

' * ^ ^ ^ •> •' " 

''Washington, THIS IS^ Lincoln, That Is Cori'elt, 
OUT;** * ^ 



J 

niess 



In the event that the ncessage had been repeated 
l>abk incorrectly, Lincoln could have used the 
proword WflONG,'* followed ' by the^ correjext 
versionr, Washington would then repeat bafck ^ 
the necessary portions, until the mess|age'*was / 
correctly received In all respects^ - , 

When the WORDS TWICE" or ''READ BACK" 
procedure is used, there are^everalWrules to^ 
bear-in mind. -First, the proword '^THimiS'^ is' 
not repeated twibe^or is the proword **OVER," 
whW the WORDS TWICE" procedure ysed. 
They are not spoken twice in the original /rans- 
mlsfiion nor in the repeat back version..S^ondly, 
the proword '^ROGER'^ is not necese^ary to 
indicate receipt' of the message in the "REAP 
BACK" procedure. If the message^is correct 
in lta« repeated back version, the phrase that 
should be used is, ''THAT IS CORRECT, OUT." 

In a collective Call wheoi^ gnly some of 
the stations represented are to read back, thos 
sfcftftons should be specif igd^-%^-i:Mnsmitting'' 
their appropriate call signs preceding the pro- 
word **READ fiACK.'^ When the ordeA to read 
^back^ts— giyen, only thas« stations directed to 
do- so * will, read back; ^thevj:'eni^ji«nTg-^ati5ftfl 
'called will kfeep Sli^nt unle&s directed J3>v the 
calling ^station to receipt. X^eJaf not preceded by 
ijdentifying call signs, the ptowoiW READ BACK" 
meanp-fhat. all stations ary i^ v read ' back if 
the call is a. collective one. ' ' j 



> - ■ ^^j^' 

If the .errOT is not discovered until the op- 
erator is some distance beyond it, the correction • 
niay^ be made, at the end of 'the message. For ^ 
example, assume that Fran cis Scott 'Key ^ 

is communicating with USS James K. *Polk. , 
During Key's transmission,"^ a^ mlstaike is msxie ^ 
in the time group but is not diseove red , until' ^ 
ri|ar the end of the» transmission. The pro- , ^ 
cedure would be as follows: • - * < 

**PoUk, THIS IS Key, • TIME Zero- pighT T^o > 
Four Zulu, BREA'K, Request Status Deep Pive, r 
5REAK, CORRECytlGN, TIME Zero Eight Two^ ^^ 
Tive Zulu, OVeK.*; ' : 



CORRECTIONS 
■ * I 

J ■ ^ 
* When an t error is .made by a transmitting 

operator, jhe ^prowo^d VCORRECTIOf^" is 
ujillzed. "^e operator' then repeats th^*^ last 
word, group, proword, or phrase correctly sent, 
corrects the erjro^^ and {>i:oyeeds with the mes- 
sage. Fo^, example, assume that Lincoln made 
mistake in the message Jto Washington. The 
correct "method for correcting that mistake is 
as follows : , , 

''Washington, THIS IS Lincoln^' Mooh Outl|bard 
, Side, CORRE|:TTON, Moor StarJx^ard Side Tender, 
^JER."; 



ERiC 




REPETITION'S 



^yhen words are missed or "are doubtful,./, 
repetitions are requested tjy stations prior :^to , 
receipting fo^f- the njejssage. The ptpowords hio'st . 
often used for obtiaining repetitions a^re VSAV, ' 
AGAJN,'>'*ALL $EFO^lE," '*ALL A^TER," / 
''WORDT BEFORE/' "WORD AFTER," and **TO." 
For " example, 4n the previous, messag^. fp6m 
Key Jo Polk, as\ume that ^ Polk mtssea" the , 
entire message after- 'tj;ie word "Requestf" X * 
repetiti(:£Vor that; pc^rtion of t\\e message would, 
take the^ol^wing foi;^l ; ' " ♦ \ 

**Key THIS IS PoTk. SAY AGAIN ALL AFTER 
Request, OVE^." - \ 

Key would then reply: ] ■■ 

**THIS IS Kex, I SAY kcAlU ALL AFTER 
Request-Status? Deep . Dive, BREAK, OV£R.'* 

Jf 'the message^is satisfactorily received, Polk f 
would then send? ■ ' . ^ 

^Jk, ROGER /OUT." . y ^ 

^ , ■■ . ' ' . 

The same procedure woqld also .^pply "to usage 
of the proword ALL BEFORE," . 



Another use. of t^e repetition pro^Q/jfeire is 
requi^stU^ that^a particular'^?^^ ^ repeated. 
T>fs is dond by using ^either of the two expres-' 
siontf: Prowords "WORI^^ AFTER" and '>WDRD 



BEFORE." For example: 

*'Key. THIS I^ Poli:. S^Y AGAlRWORD AFTER- 
74- 



Status, "OVER/ 
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Key then repllesl^ 

\ **THIS IS Key. I SAY AGAIN WoflD AfTER 
* Statufl-Deep, OVER/' 



^ Upon understanding the missing portion, Polk 
• sends: ' 



**Key, THIS IS Polk, ^QGER; OUT. 



Th^ same procedure would apply .to **WORD 
BEFORE^" procedure by simply substituting the 
prowords. . . 

The use of the proword /*TO^' is as follows: 

V V • ■ 

**Key THIS ft Polk, SAY AGAIN Request TO 
Dive, OVER/» 



Key would then reply: 

"THIS IS Key, I SAY AGAIN Request TO Dlve^ 
Request Status Deep Dive, OVER/' ^ < 

Upon satisfactory receipt. Polk would reply: 

"THIS IS Polk, ROGER, OUT/' ^ 

' V ■ ' ' 
¥ tt Is an Important ^nile to remerhi:)e,r that 

.when repetitions in^the headlrig^'of a radiotele- 

l^lhone message tfiatj-^xjontafhs From, To, Info, 

or Exempt addees ar^ requested, the prowords 

are ^he key to the^ repetitions ' prqcedure^ In 

^'^^ other wprds, repetitibns may be requested, for 

all of that portion of the heading preceding or 

following proword, or that portion between 

any two prowords. For example. Key stands the 

following rri^fssage to Polk: 

•^olk,\ THIS -IS -Key, MESSAGE, PBIORITY, 
TIME, Ze?o ^ht Zero Nine Three Zeto Zulu, 
FRbM'Key, TO Polk, INFO Lincoln, BREAK, 
Proceed;^ Naval J,Jnderwater Sound Laboratories, 
, Rendezvous SAQAD, I SPELL, Sierra, Alfa,- 
Quebec, Alfa, Delta, SAQAD, Representative, 
BREAK, OVER/-^ 

Polk rjilsses the "portion of the message before 
tHe address and, therefore, sends: 

••Key THIS IS Polk, SAY AGAIN ALL BEFORE 
From, OVER/' 

* key then sends: 

.. .. . .^*v / 

'*Polk, JHIS JS Key, I SAY AGAIN, ALL BEFORE, 
From-Polk. THIS IS Key, MESSAGE, PRIORITY.^ 
TIME; Zer9 Eight Zero Nine Three Zero Zulu/ 



The same procedure can be applied to » all of 
the repetition prowords. Just remember tha^ 
any, requests for repetition must Include those 
portions- of the heading before, after, or between 
the applicable prowords. 

'CANCELlCl^G MESSXgES 

Before the'endingptoword '*OVErt»» or ;*OUT"* 
Is sent, a message transmission can be cancelled 
by, use of theproward DISREGARD THIS TRANS- 
^ MISSION, OUT.'? Fqr . example, If Key were; 
in the process of fi ending the previous message 
and realizes that .the tra'msmlsslon is being Sent 
in' error, the process would take the following 
„form:v , ' 



Prpceed Underwater Sound Labora- 
tories, DISREGARD THIS^TRANSMISSION, OUT.'' 

After a message has been completely trans- 
mitted, it can only be cancelled by another mes- 
sage. For example: 

**Polk, THIS IS I$:ey, Cancel- My^ Zero Eight Zero 
Nine Three Zero Zulu, -TIMe' Zero Nfne Five . 
Zero Zulu. OVER/' ^ 

Polk Transmits: 



**Key, THIS IS Polk, ROGER, OUT." 

RECElpf OF A * J 

MESSAGE 

No niei^Mg^ is considered delivered on a 
radlotelephoft^i^cuit until a receipt is obtained, 
r A receipt Is^pfeeted by the use of the proword 
*^ROGER/» ^The '^celving station can transmit 
a receipt aHer each message or after a string 
of messages if there Is mote than one message 
to be rieceipted for. > . " 



OVER." 



In a collective n^t, wken the tr^nsm)tting 
station considers speed of handling a primar 
qonsideration, one station in the net may ^* 
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(Hreoted to receipt fat the message or messages 
. |md no. other stations rna>^ answer until instructed 
•^jo do sO, This,, however, does not prohibit 

any jitation from requesting repetition. 



ACKNOWLEDGMENT OF 
R/TME&SAGES 



An acknowledgment should not be confused 
with a reply' or receipt. An acknowledgment is 
a reply from an addressee indicating that hie 
received a certain message, understands it, and 
can* comply with the contents of the message. 
The receipt means only that the message was 
received satisfactorily* Only the commanding of- 
ficer or his authorized representative can au- 
thorize communications personnel to send an 
acjcnowledgment. ^ 

A request for acknowledgment ^Is the word 
'•/Acknowledge** (not a prowoVd) as^^^^h^ final 
word of the text. The reply is the J>4^°^^ 
**WILCO." If the commanding officer can^aQn^ 
knowledge at once, the comTiunications operatoix/' 
may receipt for the message with /'WlLCO*'^ 
because the. meaning of "ROGER** is contained 
in WILCO. If the ^knowledgment cannot be 
returned immediately^ the communications op- 
erator receipts for the message with **ROGER,** 

- and ••WILCO** is sent later. The return trans- 
mission to a reque^ for, an ^acknowledgment is 

\6itheT ROGER or WILCO; tiever both. For ex- 
ample, Polk receives the following transm^sion 
fi:om Key J 



with the originating person, checks the cryptog- 
raphy (if the message is encrypted), and sends 
the correct version. For example: 

••Key, THIS IS Polk, VERIFY Your Zero Eight \ 
Zero Nilne Three Ze:ro Zulu-SAY AGAIN P:R0M' 
TO INFO, OVER.'* 



Key then transmits: 

••THIS IS ^ey, ROGER, OUT.*** 

After checking with the originating officer^ KEY 
finds the portiqn to b^ verified is correct as 
transmitted previously and, therefore, sends:. 



"PoU, THIS IS Key,., Request Special Communi- 
cations Training, Atj^^ledge, OVER.** . 

• • ^ ^if^: ^ . , 

The comfmaridiog officer wishes to consider the 
request' bSire acknowledgment; hjs operator 
sends:. JUif 

"Key, THIS IS^Polk, ROGER, OUT." ^ ' 

After di^e consideration; the' commanding officer 
of .Polk 'understands and can comply, with the 
message. His op^^rator then. transmits: 

9 

I .'•Key, THIS IS Polk, WILCO, Oirp.*' ^ : , 

VERIFYING AN R/T 

MESSAGE , ^ , 

Whin ^v^ification of a message is ne^^sted, 
"the * originating station „ verifies the message 



IMy 



••Polk, THIS IS Key, I VERIFYlMy Zero Eight 
Zero Nine Three Zero Zulu, U SAY AGAIN, 
FROM TO INFO - FROM Key, T«L Polk, INFO, 
OVER.** ■ * 



Polk receipts for the transmission: 



••THIS IS Polk, Roger, OUT.** 



BREAK-IN 
PROCEDURE 



A station having a message of higher prece- 
dence than the transmission in progress may 
break in and, thus, suspend that transmission 
in the following circumstances: 

(1) FLASH messages - The station should 
break in at once and transmit the message. 

. (2) IMMEDIATE messages - The station may 
break in at once and pass the message. A 
preliminary call may be made before the mes- 
sage is transmitted, if necessary." On a' directed 
net, net control apijroval must be obtained prior • 
to transmission of "the message. 

(3) PRIORITY messages - The station should 
"use the same procedure as for IMMEDIATE,' 
except that only long> ROUTINE messages should 
be interrupted. N , . ' ^ ^ ^ 

It should be noted that the break-in pro- 
cedure 'is not employed during the transmissiorr 
of a tactical message^except to report^ an enefny^ 
contact. The precedence of the messatge spoken 
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three times irfeans **CefaBe transmlsslonB Im- 
mediately/' Silence will be maintained until the 
.station breaking In has passed the message. In 
jttxe foUoVlng example, assume that the US^ 
Theodore Rcx>sevelt Is transmitting a- message 
to USS George Washington on a free . net and 
ySS Francis Scott Key , has a FLASH message 
for USS .James K, Polk, Key breaks in with 
the follojrtng: 



**flash,flash,flash; 
flash, over/' 

replies: 



Polk THIS IS Key, 



^> '^THIS IS Polk, ROGER, OVER." 

Key would then proceed with the Flash traffic 
and obtain a proper ROGER, thus freeing the 
net for further transmissions. After hearing 
Polk's ROGER, Washington re-contacta^ 
Roosevelt for the remainder of the traffic that 
was being sent prior to the break in: 

**Roo8evelt, THIS IS Washington, ALL 
AFTER " * 



broken (Lincoln arid Washington) would re- 
establish communications using prqpjer R/T pro- 
cedure. ^ ^ — 

EMERGENCY SIJ.ENCE 

' Emergency silence jnay ,be Imposed on a 
radiotelephone" net only by a recognized, compe- 
tent authority. If an authentication system is in 
effect, ' a station must al^yay8 authenticate a 
trariSmission which: 

(1) Imposes emergency silence. 

(2) Lifts emergency silence. 

(3) Calls stations du^ringperiods of emergency 
sil^ce. When emergency .silence is imposed, 
th^fe is no receipt or answer for such trans- 
missions. 

To impose emergency silence, the word 
**SILENCE" is spoken three times, followed by 
**OUT." For example, refer to figure 12-3 and 
assume that Key (net control) were authorized 
to impose* emergency silence. The transmission 
would be as follows: 



On a directed net, the station wishing to 
break in would first obtain permission from 
net control. For example, referring to figure 
12-3* assum^that Lincoln is transmitting a 
message to ^^ashington and Polk has FLASH 
traffic for Roosevelt. Pol<c notifies Key (net 
control) t 

VFLASH, FLASH, FLASH, 

Key. THIS IS Pplk, FLASH For Roosevelt. OVER/V 
Key then answers: 



**Poseldon, THIS 
SILENCE, TIME 
OUT." 



ey]vSILENeE, 



IS Key,\SILEN( 
One Four Four 



SILENCE, 
Zero Zulu, 



To impose, emergency silence on a partioular 
frequency but not necessarily on all frequencies 
used in^the net. Key would have used the word 
**SILENCE" (spoken three times) followed by 
,a frequency or the frequency designator to be 
silenced. **SILENCE" (spoken three times), fol- 
lowed by tlie expression **all nets!" means 
**Cease transmissions Immediately on all nets." 

To lift emergency silence. Key would send the 
following transmission: 

**Polk THIS IS Key, Sertd Your FLASH, OVER." . **.Poseidon, THIS IS Key, SILENCE LIFTED', 

TIME One Five One' Zero 'Ziflu,XDUT." ' 

Upon hearing the authorization, Roosevelt trans- 
mits: 



'?^THIS IS Roosevelt, OVER." 

Polk proceeds: 

^'Roosevelt, THIS IS Polk, FLASH, (sen^s mes- 
• sage), OVER." 



The preceding transmisision would conclude aft 
P6\k had received ar proper ROGER for the 
FLASH traffic and the two stations that were 



EXECUTIVE MEto6d%6r R/T 

The executive method for radiotelephone is' 
used when It i§y desired to execute a tactical 
message at* a given, instant, for example, to 
ensure that two or more unite take simultaneous 
action. Abbreviated plaindre^s format is- nor- 
mally used for messages tjaat are transmitted 
via the; executive method an^^^re neftei»*&^aVe. 
a time group included in tfie r^'essage eliding. 
There are two executive methods: Delayed *and 
Immediate. > , • 
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DELAYED EXECUTIVE 
METHOD 



IMMEDIATE 
EXECUTIVE METHOD 



. \ A tactical message s^nt via the Delayed^ 
Executive method will carry the warning pro-\ 
word '•EXECUTE TO FOLLOW" in the message 
ln/3tnM[bns Immediately preceding the tfext. The 
execS^e signal is sent latfer in the foffn pf 
**Standby- Execute," the latter word Ibeing the 
instant of execution. For example, assunrle that 
Key sends the following delayed ex^cutivemethod * 
to the collective call "Poseiddn^" (Refer to 
figure 12-3): ] 



Poseidon, THIS IS Key, EXECUTE TO FOLLOW, 
Fire One Water Slug, OVER." 

All stations respond in al]phabetical order of 
full call signs: 

"THIS IS Lincoln, ROGER, OUT." 
''THIS IS Washington, ROGER, OUT." 
••THIS IS Polk, ROGER, OUT.-" 
** THIS IS Roosevelt, liOGER, OUT." ^ 

When ready to execute. Key transmit^: 

Poseidon, 
OVER."' 



THIS IS Key, Standby, EXECUTE, 



The^ stations would then respond in alphabetical 
order of full call signs with: . 

''THIS IS (station^ ROGER, OUT." 

In the event that communications are good. Key 
can designate only one station to receipt for 
everyone to ensure that the transmission ^as 
heard. For example, as part oh the execute 
signal. Key could have transmitted: 



**Poseidon, THIS IS Key. Standby, 
Polk, OVER." 



EXECUTE, 



Polk would then ROGER with: 



**THIS IS Polk, ROGER, OUT. 



It should be noted that, when considerable 
time has elapsed between the "EXECUTE TO 
FOLLOW' ' message a^T the actual execution 
mes'sage, the text to be ^executed should be 
• repeated prior to the woj;ds ''Standby, EXE- 
CUTE. 'vft should also be repeated whenever it 
is only^ra portion of a message, or one of several 
outstanding "EXECUTE TO FOLLOW*^ messages. 



In cases of urgency, the executive signal m-ay 
be transmitted in the final instructions element 
of the message, to which' it refers. The use of 
the Immediate Executive Method does not allow 
statipns to obtain verifications, repetitions, ac- 
knowledgments, or cancellations before the mes- 
sage i's executed. These messages should be 
in pl^ijen language or. limited to basic TURN, 
CORPEN, and SPE;ED signals.. . 

When the Immediate^Executive Method is used, 
the warning proword, '^IMMEDIATE EXECUTE" 
is used in the message instructions instead of 
the, proword ''EXECUTE TO FOLLOW." The 
text of the signal is transmitted twice, sepa- 
rated -by the proword **I SAY AGAIN." The 
execuutve signal ^ is transmitted in the final 
instructions. For example: 

''.Roseidon, THIS IS Key, IMMEDIATE EXE- 
CUTE, BREAK, Shift Your Rudder, I SAY AGAIN, 
Shift Your Rudder, STANDBY, EXECUTE, Polk, 
LincollFi, OVER." 

Notice that Key included both Polk and Lincoln 
as "ROGER" addees. Again, this is done tO 
ensure that tfie transmission was received by 
everyone involved, provided communications are 
good. If communications were not good, all 
stations ii^ the net would have to ROGER the 
execution. Upon hearing their calls, Pblk and 
Lincoln would answer: 

"Key, THIS IS Lincoln, ROGER, OUT." 
"Key, THIS IS POLK,'rOGER, OUT." , 



AUTHENTICATION 

Auth6nti<i^tion is a secwrity measure designed 
to protect a communications system- against 
fraudulent transmissions. There is more than 
one type of authentication system, aijd the method 
of authentication will vary with the system 
that you are using. Authentication systems are 
accompanied by specific instructions outlining 
the method of use. Generally speaking, there 
are two types of authentic^ion: - 



(1) Challenge and Repl; 

(2) , TranshiissiOH' 



Challenge and Reply authentication occurs when 
a receiving station," susp,ects the auth^ti^it^ of 
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a trUnsmltting station and challenges that sta- 
tion' to auglientic ate. In Transmission authenti- 
cation, the lauthentication is self-contained within 
the message.' 



ENEMY CONTACT REPORTING \ 

Enemy contaQt reports are normally to be 
made only once when you are in direct com- 
munications with the Officer in Tactical Com- 
mand (OTC)/^ a higher authority, or a shore 
radio station. Enemy contact reports ite sig- 
naled u&ing basic radjioitelephone procedure as 
modified by chapter 6 of ACP 125. Details of 
enemy contact repol8*ing are containedin ATP 1 
' (Allied Maritime Tactical Instructions atid Pro- 
. cedure^, )?ol. I). Theresa re two conditibns under 
which enemy contact reports are made mt^re ^ 
than once: 

(1) When''*DO NOT 'ANSWER" pracHb^s 
* are used. (Texts are transm!tted twice iritis 

procedure.) . ' - 

(2) ^When the text consists of emergency alarm 
signals, Jn which case the text is transmuted 
twice, s^arated by the proword "I SAY AGAIN," 
with a time group, in the ending, 

Wh^ in force, authentication should be used 
in contact reports. Lack of promef authentication, 
however, should not prevent Tetransrhission or 
relay of the message tc^lhgl^eif! avthority. 

Generally* speaking, there "are two typeSM^!^^ 
contact reports: Initfal and Ampltl)8ng. Initials 
reports, of course, report initial contact or/ 
sightings. TheSe should be sent as exi)editiously^ 
as possible with immediate, pertinent infornria- 
tion (type vessel, IqSfetton, basic track, etc.). 
The amplifying ^reports contain all of the nec- 
essary amplifying information to be fully analyzed 
byliig^ier authority or command. 



CODE AND CIPHER MESSAGES 

Code words (such as VERDIN in the text 
EXECUTE' PLAN VERDIN) are sent as plain 
l£Uiguage words. Encrypted groups such^sDRSRM 
are spelled phonetically: Delta, Romeo, Sierra, 
Romeo, Mike. 

"The phonetic alpha^t is applied to thfe names 
of the signal flags as well. Signal flags are 
combined into code groups that have meanings " 



of their own. DELTA ROMEO ONE, for 
ample, might mean **Prepare to Hover." Signal 
flag A is ALFA, flag B is BRAVO, and so on. 
Meanings of silch code groups are given in 
appropriate»signal publications. 

As flag signals are sent by radiotelephone, 
a Radioman must be able to differentiate between 
the two when heard. Here is how: If the phonetic 
alphabet is used, the proword **I SPELL' 'pre- 
cedes it, and each phonetic lettfer is to be re- 
corded as a letter. If you hear '*I SPELL" 
followed by D!eLTA OSCAR, 'write U as **DO." 
On administrative nets, the proword **SIGNALS" 
followed by DELTA OSCAR means the groups 
have been taken from a signal book and should 
pe recorded as such. On nets primarily employed 
for conveying signals, no prowords will be used, 
and it may be, assumed that alphabet flags are- 
intended.* 



OPERATIOxVAL BREVITY CODE 

The duties of an operator require a knowledge 
of the special ** language" developed for tactiOal 
maneuvering, air control, anti7air warfare, naval 
gunfire support, ^electronic countermeasures, 
anti-submarine warfare, and dther specialized 
uses. Words, phrases, and abbreviations em- 
ployed in radiotelephone for these specialized 
uses are called operational brevity codes. A 
complete, listing of oper^itional brevity cofde words 
is found in the effective edition of ACP 165. 

It must be understood that the wordS and 
phrases of the brevity code' provide no cpni- 
munications security. The purpbses of the codes 
are to: 



(1) Standardize the vocabulary, 

rove the accuracy of the transmis- 
sidn, ' . , 

(3) S]iprten transmission t^^. 



URITY CONSCIOUSNESS 



As a final note, REMEMBER that R/T com- 
nrvuoicaiions is /potentially the least secure of all 
radio conirnunications, Xou must e^ver alert 
to<avoid disclosure of classiffed information when 
t;ransmitting on radiotelephone Circuits. The 
rules and guidelines presented in this chapter 
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should be carefully studied and practiced on 
training nets. A training net provides an op- 
erator with experience in a **classroom" sit- 
uation without the pitfalls of serious operational 
mistakes made through panic or inexperience. 
To further enhance proficiency, the operator 
should read and study the effective editions 
of AGP 125 and ACP 165 in addition to tlhis 



chapter. Thosjs portions of ATP 1 (Vol. I) that 
deal with contact reporting should also be ^re- 
fuUy studied. Remember, when the sitiSRion 
arises in which the operational situation is 
critical and requires quick act«n, you do not 
have time to refer to the applicable publica- 
t,ions for proper procedures and security pre- 
cautions. 




CHAPTER 13 

, MANUAL TELETYPEWRITER PROCEDURES 



Teletypewriter (normally referred to as 
••teletype'') is the primary means of communi- 
cation in the Navy today. Whether you are aboard 
ship or serving ashore, the final result of 
automated or manual communications 1^ usiSilly 
in the form of at teletype printout. In the a\xto- 
mated communications area (AUTODIN, I'leet 
MUX, etc.), the communications operator need 
only ^ familiar with write-up and routing/ 
filing procedures peculiar to that command. 
In the manual communications area, however, 
the attainment of reliability, security, and speed 
is determined primarily the communications 
operator. Whether^ the operator is physically 
operating a ship-to-shore net or cutting a tape 
for later transmission,' the validity olthat trans- 
mission is determined by his knowledge of proper 
operating procedures and machine functions. 

It is essential that communications operators 
be well trained, thoroughly understand their 
responsibilities, api^l be able to maintain circuit 
discipline. A manual teletypewriter n^t is similar 
to a radiotelephone^ net in that chaos can re- 
sult whe& proper opei^ating procedures are not 
followed^ Reliability, ^security, and speed are 
reduced when Variatidi^^ prescribed proce^dure 
create confusion. In t^S chapter, we will dis- 
cuss thb tksic teletype machine functions, op- 
erating instructions, aKd procedures associated 
with manual teletype procedi|re. Detailed in- 
formation concerning^^^bCte areas, is found in 
the effective edition oL^P' 126 (Communica- 
tions Instructions,. T^^^g^writer (teleprinter) 
Procedures).* 




proper placement 'of certain machine functions 
and the'^^message component sequence. If certain 
functions are wrong and the message is rejected, 
a nondelivery results. The machine functions 
that are cut into teletype tapes also play an 
important pji^t in'the efficient operation of the 
AUTODIN system (discussed in Chapter 14 of 
this' rate training manual). An explanation of 
machine funptions and rules for theln use are 
given in the ensuing topics. 



SHIFT 



The **shift" function of a teletype keyboard 
is comprised of two distinct actions: Shift (FIGS) 
and unshift (LTRS). Operators must depress* 
the LTRS key when going from upper case to 
lower case and the FIGS key when going *Jrorb 
lower case to upper case. Teletype machine^ 
that are owned or leased for use in naval 6om- 
munications shift from upper to lower case oQ^y 
when the LTRS key is pressed. Many naval 
messages, however, are delivered to addressees 
via cofnmerlcal teletypewriter exchange serv- 
i6e (TWX). The TWX machines shift automati- 
cally from upper to lower case whenever the 
SPACE bar Is pressed, in addition to shifting 
when the LTRS key is pressed. There are*cer- 
tain basic rules that are observed, therefore., 
to ensure that the **UNSHIFT-ON-SPACE'' fea- 
ture of TWX machines does not result in errors. 
These basic rules (to be followed for tape trans-l 
mission on either a TWX or Navy-ow^^d t/ele-^ 
type) are he follows: 



\ 



MACHINE FUNCTIONS (1) Always press the LTRS key to shift 

frorn upper to lower f case on a TWX or Navy 
Machine functions ane important in ^manual teletype.' This has go adverse effect on either 
teletypewriter procedures because a'manuaJJy type of machine. For examplje, if ''65764 TRY 
cut ti^ may entey a rfel&y system tha,t i^ aul^ MAKE'* were a series of groups sent in the 
matic. In autofhatic relay systems, messages text of a measage via a TWX teletype and^ the . 
are rejected or accepted depending upon ttfegi (LTRS) function was not inserfefJ originally, 
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^the groups would be received as *<65764 546 
;-(3" on a Navy teletyi>e,p . ^ 

* . (2) Always pr^s the FIGS key to shift from 
lower case to upper case and also after the 
space before each group of figures or upper 
case characters in a series. For example, the 
set of figures **65764 27896'* fftiould be sent 
••65764 (SPACE) (FIGS) 27896", This procedure 
has ^ no adverse effect on either a TWX or a 
Navy teletype. This rule applies whether direct 
keyboard transmission or tape perforation is 
used* Failure to adhere to this rule will result 
in the following errors: 

(a) As transmitted on a Navy teletype; 65764 
(SPACE) 27896. 

(b) As received on a TWX machine; 65764 
(SPACE) WUIOY. 

CARRIAGE RETURN (CR) 

The carriage return (CR) function resets 
the teletype machine to the left maxgin of the 
paper. Regardless of typing speed during the 
cutting of a message tape, the message is 
transmitted on circuits that generally operate 
at speeds of 100 words per minute. At these 
^gh speeds, the<carriage does not have enough 
time to return to the left margin on a single 
CR iunction. As a result, the next character 
will'^^rint while the carriage is still moving 
tow*arjJ the left. The CR function, therefore, 
is always • pressed twice to ensure that the 
carriages return properly on all machines. 

LINE PEEDJLF) 

The line feed (LF) function advances the 
paper on Ahe page. Part of the end-of-mes^age 
(EOM) procedure includes eight line feed ftjnc- 
tions to provide^ space between messages on a 
, printed teletype page. - , 

SPACE (SP) \ ' 

The space function advances the carriage 
- (typebox) withoiif printing any Ghairacters on 
^the page. It id used throughout the message for 

spacing between routing information, prosigns, 

words or groups, and th^ like. 

BELL SIGNAL 

The bell signaT^^is ue^d to attract the at- 
tention <A the receiving operator. On most tele- 
typewri^tars, the bell signaL rings when t^e uft)er 



case **S'' -key is pressed^. Some^ equipments, 
however, have the bell signal on the upper 
case **J''Eey. The bell signal 'is transmitted 
as a series of ten charactets,^ upper case **J'* 
and **S'\ as follows: (FIGS) JJJJJSSSSS (LTRS), 

BLANK (BL) 

Pressing the blank key ^as no effect on the 
page copy of a message, but it is used to advance 
blank tape through the^gjiUich block of the tele- 
type perforator. The blank function is required 
in operating certain cryptosy stems but is gen- 
erally uttd for tape feed outontypingperforatbrs 
and repCTforators. Do not substitute **BL" for 
'•LTRSV. 

WARNING LIGHT ^ 

Tape perforating equipment is equipped with 
a waxning light to indicate the approach of the 
end of the typing line. €F 

MARGIN BeIl 

Page pi^inters that are . equipped with key- 
board facilities capable o^ij^rating dfrecUy 
into the fline are proj^^ed^rjt^ a margin bell 
to indicate the approach of twpnd of the typing 
line. ^ , ^ • 



M 



E ALIGNMENT 



In manual teletypewriter procedures there 
are specific m^ichlhe functions that sure necesssury 
to facilitate the ' handling of messages and to 
align Uae receiving teletypewriters. Just as the 
previdusly-discussed functions sure necesssury 
for proper keybosurd operation, certain message 
alignment functions afe considered necesssury 
for the continuity of operation. The following 
is a list of basic alignment functions*: 

(1) All 'message transmissions must be prej* 
ceded by five spaces, two qarriage retui*ns, 
and one line feed (5SP, ^^R, lLF).Mfter thjg 
and of message fEOM) functions sure sept f^||| 
one message, the riext message is preceded 
by £ive spaces, ^t>yO/^arriage returns, and one 
line feed. , ^ ^ . 

(2) The end of line function within the ^i^s- 
sage is two cawiaga returins and one line feed 
(2CB> ILF). Tiis^ ^oes not apply to format 
lin^- onlyV it apj^ies to any line. Anytime you 
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for this purpose. It is ^advisable tnM commiini-- 
cations personnel encourage mesaal^ drafters 
to encircle symbols for iperiods/fullj stops and 
commas when the message is dramd in free 
hand. These -encircled portiOnff more con- 
spicuous, and errors are less likely to result. 



TELETYPE MESSAOC FORMAT 

Messages that are processed and^ h|aidled ( 
via teletype ale pre'pared for transmission iii 
either plaindress, abbreviated plaindress, or 
codress form, except when a commercial forno 
is authorized. Also, there are certain require- 
ments placed upon formatting due to AUTODIN 
requirements; those are discussed in Chapter 
14 of this rate training manual. With the exception 
of format line 1, manual teletypewriter procedure 
follows that of the basic message format covered 
in Chapter 11. ' 

Table 13-1 shows the sequence of basic man- 
ual teletypewriter message format and "an ex- 
planation * of ''each format line. As can be seen,, 
basic message' format, radiotelephone format, . 
and manual teletypewriter format are all similar. 
In each area of formatting, tJie lines^w:® es-^ 
sentially the same, and the order pemalns un- 
changed, ^efore going any further, however, 
one topic 'remains that ha^-not been discussed 
previously in message formatting: Forijpat line 
1.* • -\ 

Format line ^ is used In tapi^ refl^ pro- 
cedures as well as in sevei^ modes of Al{.TOpiN 
operation. Th6 various usages of forcdl^ line 
1 in AUToMn procedures' are cpntc&lned in 
'JANAP 128. Detailed tfBages o^. format line 1 
with reference to tape jelay procedures are 
conta^ed in ACP 127. The various uses to 
format line 1 are as follows: 



prepare to returR~-_Uje carriage in order to 
begin the riext ^^i^nt lirie^ procedure is 
two ^ipriage returnii^nldtone line feed. 

' (3) Between pages of a long message (e.g., 
PAOE 1 to PAGE 2\f the separative function 
is two carriage returns and four line feeds 
(2CR, 4LF). 

. (4) The end of messkge (EOM) functions are 
two carriage returns, leight line feeds, the 
letter" *'N'' repeated fotir--^mes, and twelve 
letters ^2CR, 8LF, NNNN, 12LTRS). >Vhen au-^ 
thorized by separate service instructions, the 
end of message functions may ,be altered to 
require two carriage ro^urns and twelve line 
feeds. 

(5) No line should exceed'^ 69 characters, 
including spaces, ex&ppt when l authorized by 
separate gfijr vice instructions. 



MESSAGE Punctuation 

Punctuation is not used in' manual teletype- 
writer procedures unless it is absolutely essential 
to ^ message clarityK.vVhen it is necessary to 
employ punctuation, the following abbreviations 
and symbols are authorized for use: 



Punctuation 



Abbrevi ation 



Symbol 



( ) 



Question Mark QJJES 

Hyphen . ^ 

Colon , CLN 

Parenthesis ^ , . 

Brackets PAREN 

Period/Full Stop PD 

C^ma CMM 

SI ant /Oblique 

Strpke SLANT 

Paragraph PARA 



Quotation Marks * QUOTE-UNQUOTE 
V * ^ . 

The letter **'X** may be used instead of punc- 
lon whenever exact punctuation is not con- 
sidered essential, but soihe separation in the 
text" is nece^psary for clarity, and the use of 
''X/* is. not ambiguous. The written plMetic 
equivalent of the letter ''X** shoul^not.bepised 



or 



(1) For '^pilots*' (massage hfSdling instruc- 
tions) when necessary. 

(2) For transmission identification (TI),jior- 
maUy in the form of channel numbers. 

(3) ^ For star^t-pf-mess^ge (90M) indicators, 
when necessary.' ' ^ 

J4) "For **pilot cards** containing special han- 
dling instructions in datd communication^. ^ 

(5) For use^ in several AUTODIN mod^s of 
opisr ation ia accordance with JANAP 128. 
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Table 18-1.— Manual Teletypewrltef Message Format 



Call 



FORMAT LI-NE 



Designation of 
stations(s) called;, 
(prosign XMT, ex- 
empted^ calls). 



EXPLANATION 



Llae 2 - Contains description 
-P^^the $tation{s) cjalTed; the 
;prbsigri XMT arfd designation of 
exempted statioh(s). (Lines 2 and' 
3 may appear as a single typed 
line.) It may also contain the 
repeated precedence prosign. 



Prosign DE: 
designation of 
station calVing; 
transmission 
ideatif ication 
(station serial ' 
number) , 



Line 3 - The prosign DE; the , 
designation of the calling 
station and the transmission 
identification (station serial 
number), (lines 2 and 3 may appear 
as a single typed line.) / 



transmission 
instructions 



Frosign T; op- 
erating signals; 
address designa- 
tions; routing 
indicator^. 



Line 4 - Contains the transmission 
instructions and will be identi- 
fied by the appearance of the 
prosign T, operating signals, 
address designations; routing 
indicators as' required. 



Precedence; 
date-time 
group; m€?s- 
sage in- 
*structv)ns 



Precedence f)ro- 
sign; date and 
time expressed 
in digits, and * 
zone suffix 
followed by 
month indicated 
by the first 
three letters, 
and if required 
by national 
authorities, the 
year indicated 
by the last 
r^two digits; op- 
erating signal (s). 



Line 5 - Willt contain the af^pro- 
priate precedence prosign once 
and in the^case of dual prece- 
dence both will be shown separated 
by a space, the originator's date- 
time group and message instruc- " 
tions in the form of operating* ^ 
signals as necessary, ^ 



Originator,^ 
sign; origi- 
nator 



Prosign FM; 

originator^s 

designVtion. 



Line 6 -v Is identified by the ap^- 
pearance of the prosign* FM and 
contains the designation of the 
originator which may be indicated 
by plain language, call sign or ■ 
Address group. 
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Table 13-1. — Manual Teletypewriter Message Format— Continued 



Action ad- 
/ - tirassee sign; 
^' adfclon nd- 
. ^s$ee* 

Informal^lon 
addressee 
* : * sign; infor 
. matton ad- 
dreslsee 



Exempted- 
addressee 



Accounting 
information; 
group desig- 
nation 



FORMAT LINE 

— 

7 



10 



Subject 
matter ? 



11 

12 



13 



- Proflgn TO; ad-* 
, dress desigrva-' 
J:ion(sr. . : 



Prosign INFO; 
address desig- 
nation(s). 



E XPLANATION 

Line 7 - Is ^dentified .by»^the ap- ^ 



Prosign XMT; 
address desig- 
nation(s). 



Accounting 
symbol ; group 
count. - 



Prosign BT. 



Internal in- 
structions; 
thought or :> 
idea ex- .* 
pressed by the 
originator. » 

Prosign BT. 



pearance of the prosign 
contains the designati 
action '^ddressee(s-)jpir^ 
of. pl^in language, addre: 
call. sign(s.); or routing 
tors. 



reWg 



nd 
the 

Torm ' 
group{s); 
indica- 



L-«ine 8 - Ls identified by the afJ^ 
pearance of the prosign INFO and 
contains the designation of the 
itiformation addresseefs) in t he- 
form of plain language^ address 
group(s), call sign(s); or routing 
indicators. /\ col lective designa- 
tion or an Address Indicating 
Group (AIG)'in Format line"? may 
include information* addressees. 

Line 9 - Is identified by the pro- 
sign XMT and contains the designa- 
tion of the addressee(s) whd is • 
exempted from the collective ad- 
dress designation, when such 
' designatiqrt|^ employed in lines 
7 and 8"or?a^^ AIG is .used^in 
Format 1 ine 7: ' . . 

Line 10 - Is identified by theap-* 
pearance of the group count prosign 
^nd contains accountings symbols (as 
required) which precede the group 
count prosign. ^.^ ' 

Line 11 - Separates the' heading oi^ 
the mesisage from the text. 

Line 12 - Is the text of the mes- 
sage and may contain internal in- 
structions as-vyell as the thought 
or idea expressed by the' originator . 



Line 13 ^ Separates the text from 
the ending of the message. 



( 



Time group. 



14 J 



Hours and rfiin- 
utes expressed 
in digits and 
zone suffix. 



Line< 14 - May contain a time*group 
expressed in digits plus the zone 
suffix. 
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Table 13-l.~Mahual Teletypewriter Message Format— Continued 
forma)- line [ EXPLANATION 




Conflrinatloik 
Ut^^s - required) 

C^J^rections 
filing time*; 
final instruc- 
tions 



Ending s 



15 



16 



Prosign CFN; 

confirmatory' 

material, 

Prosigns, op- 
eirating signals; 
necessary cor- 
rections; date 
separated by 
slant from hoyr . 
and minutes iex- 
pressfed in 
digits; plus 
zone suffix. 

Pr03ign AR 



May contain the ly^osign CFN and 
confimed portions of the message 
as necessary. 

Line 15 - Is idfentifie^ by the ap- 
pearance of prosign C, operating 
signals and corrections as rer^ 
quired; may contain date and time 
me'ssage was filed with the com- 
munication center; final in- 
structions in form of prosigns 
B; AS; and station designation(s) . 



Line 16 - Is ide^itified by the^ 
prosign K or AR as appropriate!, 



BASIC OPERATING INSTRUCTIONS 

Basic manual 'teletype procedures can be 
closely^ equated to basic radlotelep|;ione pro- 
cedures ^6r to the old **CW** procecirres. The 
primary differenc/e .between telephone and tele- 
tJi^ procedures is^ttie use of abbreviated eguiva- 
lentfi of prowords and separative functions. For 
example, instead of using the word."Interrog- 
ative", you would type **INT** on the keyboard. 
Instead of. using the e:q)ression "This is", 
you would type *'DE'' on the keyboard. 

It should be remembered thut the manual 
teletype procedure is exactl^^^|t: Manjiai. It 
is assumed thati the oper ato r^^^^ y si c ally op- 
erating a teletype keyboard tfll^n transmitting 
the' desired traffic to receiving stations. Just 
as in radiotelephone, ^adio'MPtype has certain 
^'proc^dures and requirements that are necessary 
' to/pityper circuit discipline and security. Th^ 
foUowing'^ topics are discussions of the basic 
opQra^]^ instructions that are essential to proper 
HMpual communications. - Throughout the re- 
mmder of this ehapter, we will refer to tele- 
ty^ as **llTY". , - 

MAiJuAtr-rrY CA14.1NQ 

AND ANSWERING 

Establishing communications on TTY nor- 
, mally requires a preliminary call. Preliminary 



calls may be singly, collective, or multiple. 
A -ship or station also may use radio call * 
signs, inter national call laigps, tactical call signs, 
collective call i^gns, net call signs, address 
groups, or theatOT routing indicators. 

Calling ' * 

The most common type of TTY calj is the- 
single call, usually made on a ship/ship or 
ship/shore . ORESTES net. A single call con- 
sists of the transmission of the iilentification 
of the station (or stations) with whom, com- 
'munication is desired, the prosigh DE, thb 
identification of the station callitig, and the 
prosign K. A single call consists of the identi- 
ficatipn of a sin^e station or a collective call 
sign representing more than one station. Both 
a single and a coUeoti^ call are shdwn in 
examples A and B as follows: 

' Example A: (Single Station) 

(5SP) (2CR) (LF) - s 

NNBD DE NFSK K 

(2CR) (LF) 

£;xample B: (Collective Call) In this example, 
assume that^ the call sign HZDQ represents 
k collective of several stations: 
(5SP) (2CR) (LF) 

HZDQ DE NFSK K ' 
(2CR) (LF) 
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Tho^ stations that, are a part, of HZDQ would 
then answ^i^ in alphafiatlcal order, 
r ^ -'iDultiple call .consists of the transmis- 
sion |deD|tfhcatiOn of the stations called/ the 
profiilgn ^flnUie identification .of ^e statin 
calling* and^^^rosign K\ "Ebe stati^ cjlesigns- 
tStas prec9diiig- the *'DE'' "^will be arranged 
In alphabetical order^^ according to the order 
in which thdy are to answejr, "^he station desig- 
nations^of a multlpre - call also should be ar-^ 
rtaged raccording yfco procedural form,, For this, 
purpose* figured 1^ through '0 and / (slant 6ign^ 
§Lrer considered the twenty-seventh through thirty- 
seventh letters, of the alphabet. When* multiple 
calls ar^ made, care should be exercised to 
avoid separating groups of related call signs or 
conjunctive addresp groups which are'. Inter- 
dependent, Fq^ example: < 
(5SP) {iCR) tLF) \ 
NFSK NNBD NOKB DE^ HZDQ iC V 
(2CR) (LF) . ' . 

The stations' would then answer in the order, 
called, V. 

V^lien .multiple calls are made in which there 

are both action and information addressees, 

the information addressees must be indicated. 

This Is done With the operating signal **ZFH2", 
^followed by the designation of the inform a-^ion 
- addressees/ For example: 

(5SP) (2CR) (LF) j - 

NFSK NNBD WKB . DE HZDQ (2CR) (LF) 

ZFH2 NNBD NOKB (2CRj (LF) 

When all addressees are information, the pr(|^ 

cedure is as follows; ; ^ 

(5SP) (2CR) (LF) ' , . ^ 

NFSK NNBD NOKB D^ HZDQ (2Cfl) (LF) 
ZFH2 (2CR) (LF) • ^ 

Answering ^ 

In answerring a preliminary callji stations 
will tr^smit the identification of ttie calling 
station,*^^^tl|ft^ prosign DE, the identification of 
the answering station, and the«prosign K. Fbr 
Qxample, HZDQ call6 NFSK: / 
(5SP) (2CR) (LF) 
l^FSK DE HZDQ^ K (^CR) (LF) 
NFSK then answers: ' 
(5SP) (2CR) (LF) 
HZDQ DE NFSK K (2CR) (LF) 

After the preliminary calls and answers 
have been completed, it should be noted that 
the tj^ansmltting station .will make 2CR and 
8^LF prior to transmitting the messagg^. It should 
be noted also that; just as in radiotelephone 



procedures' abbreviated calls may be jnade 4f 
no confusion, will result or ^ two stations are 
in direct communication with eaclf other,^ 

If a station^fails to'ajCifewer ifiprdper sequence 
when a multiple or coUectivb call is employed* 
the next station waits 5 seconds and then answers, 
. The station which fails to dnewev in proper 
sequence must then wait until all other stations 
have answered or have had*^ime 'to^answv. 

When a statlon^.fails to answer in sequence and 
then fails ^^Bfaswer within 5 seconds after all 
other ^tatibnffiiave answered, the calling station 
should initiate a separate qaH to raise the statioh; 
Als/J, whjfen any station included in a collective 
or multiple is specifically directed tq. answet, 
no other station iricliidetj in that c.all may answer 
until Instructed to do so, ' 

Circuit Test ^ ' 

In the, event that a circuit, is experiencing 
1 communicflctions difficulties or has just been 
T^ened,' a test may be transmitted as follows: 
(5^ (2CR) (LF) ' 
HZDQ DE NNBD (2CR) (LF) 

TEST' THE QUICK BROWN FOX JUMPS OVER 
THE LAZY pOG l23456789)af (2CR) (LF) 
RYRYRY^RY»RYRYRYRY RYRY RYRY RYRYRY 
(2CR) (lIt 
(2CR) (8LF) ' 

The called station (in this case, HZDQ) wQuld 
then respopd with an answer that includes an 
appi;opriate operatirtg signal that indicates thp 
quality of reception. 

Tjamsmission, Ending 

Every trap^misision should end \yith the pro- 
signs K or AR. When tl^e prosign AR is^s^d,* 
although no station may receipt, it does not 
preclude requests' for repetitions of verifica- 
tions, if necessary. , . ' 

In duj^ex 6pe ration, messages being trans- 
mitted should not be interrupted except ^to re-" 
spend to received messages qt IMMEDIATE 
precedence or higher and only ^¥hen the pre- 
oedence is higher than that of the message 
^ Deing transmitted. If a * siring of messages is, 
/being transmuted by the sending station, r^- 
spofases should^ occur at the end of'eaoh mes- 
sage whenevei*^ fkossible. If multiple page 
messages are being transmitted, re sponsds should 
be matele after each page. 
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MdSBaM Precedence . ^ ^ . . 

TUe afitgmnent of pre«e^nce to a message 
l0 the responsibi^ty of tti4r originator and is 
datiteiQlned ^ the subject matter of 'the text 
aad the time factor involved^ Precedence desig- 
nidioDS are employed to indicat^^ the relative 
order in which a message of. one precedence 
deaignatlon. is handled with respect to other 
precedence designatore, Precedende is indicated 
hy .the! appropriate precedence prosign and ap-^ 
pears as the first elementv.of format^ line 5. 
Precedence prosigns indictte the following:'' 



(1) To the orlginatar - 
of deliveiy to the addressee. 



the require^^ jspeed- 



(2) To the communications personnel 
relative order of handling and delivery/ 



•The 



(3) To the addjressee - the 
Ui which the^es^agd should be note< 



,tive order 



tISSP) (20R) (LF) 
;«4BD DE HZDQ 



O K. (2CR) (LF) 




This eaiample indicates that. HZDQ ^hal5-^M 
MEDIATE traffic for NNBD. It shfeUld be noted 
that.tiie beill . signal is alw|L.ys transn;)itted before 
and 
pre 




For, - exan^ple, 
•NFSK:- 



HZD9 has 



FLA§Hx^traffLD 



for 



Messa^s having, both action and information 
addressees may be assigned two precedence^, 
one precedence for all action add^ssees and 
ft lower precedence fdr all informatioi^address- 
ees, ^liere this occurs,^ the higher prWjedence'*' 
WiU appear .first and 1;he tWo precedence^ pro- " 
signW .will be^ separated by a space. For ex- 
ample, HZDQ has a dual precedence message ^ 
for JSoKB and NN^D: 
(5SP) (2CR) (LF)' 

NOKB NNBD DE HZDQ (2CR) (LF) 

O P lOlOlOZ Nay 76 (2CI^) (LF) * 

FM HZDQ (2CR) (LF) ' 

TO/NOKB (2CR) (LF) " 

INFO NNBD (2CR) (LF) 

(Rest^of message) 

This example in(;^catas that the message is 
;IM14EDIATE to NOKB and PRIORITY to NNBD. - 

Precedence also may be included in the pre- 
liminary call. This is incUcate<| by including the 
appropriate precedence prosign preceding the 
.ending pifdpi^. For example, HZDQ palls NNBD: 



(5SP) t2CR)^ 

NFSK DE \HZDQ (HGS) JJJJJSSSSS (LTR^ 
Z (FIGS) JJJfl(jJSSSSS<LTRS) IC 
(2CR) (1.F) 

If ' a sending station^ wants to^ indicate a' 
string ' of messages to be trjuismitted.that' are . 
of' different .precedences, the operating signal 
'*ZBO/* may be i^sed; followed 1^ the nxirober 
' of'^messages, to 'be 'sent and- their precedem:^^ 
For example,^ assuma.,-that IfZDQ has .three 
messages to send to NFSK thab.ard of different 
precedences. The transmission of the preliminary 
. call should be as follows: ' 

(5SP) {2CR) (LF) . ^ 

NFSK DE HZDQ • ZB03 O P R K (2CR> (LF) 

This preliminary call indicalep to NFSk! that 
vHZQQ has 3 meidsages that ' are outstanding 
(ZB03) and their .precedences arfe .IMMEDIATE 
.(O), PRIORITY (P) and ROUTINEER). PZDQ 
tli^n sends the string of messages in tile order 
of precedeniie« 

Break-In Procedure - " . 



tha FLASH precedence prosign iff^a 
call,' foUpwed by the prbsign 'K.. 



may be Employed tb int^rupt the 
station in order • to transmit \ 



When equipment configuration permits, break: 
in.proce^jljE 
transmitffiig 
higher precedency message or to stoi^ the trans- 
mitting station' because of equiptnent " or re- 
ceiving difflcultiejj^ If a\^ transmiesioti -is 



inter^pted for higndjtf .p^ece<}^^nee trd^fio; it 
shcWld^be *remembe'rOT thflit F^ASH and IM- 
MEDIATE traffic may intetrupt traffic dflpwer 
-precedence; PRIORITY /traffip, however, shbuld 
not interrupt 'routine traffic unless the ROUr 
TINE traffic is' of exci^ssive length. In any 
avent, all ^precedences are transipitted in ttie 
order received and ahead of all traffic of lower 
precedence. . " , 

.On' simplex circuits, in order to stop the 
transmitting station, a series of hyphens ^are/ 
^^transmitted as followsr • * ' * 



(FrGSlA (FIG§) A (FIGS) A 



1 



.'.etc. 



The iPKe'rrupted stShon will t^Jdmitiediately in- 
formeci of £he reason for 'theltAhterj.upPtijDXffr^ 
'practical. If 'the, internipiton is ^qr ^'5JK*V5P^I'^< 
of ' transmitting Waff ic of :a higher •p3^e4|d©n5^,^'^v 
ttfe interrupted ^tatloni^'^ will b^ so ^drtned',, , 
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aiid ihe higher precedence traffic will be sent. 
After ,the interruption,' transmission should be 
resumed at the beginning of the' line pi copy^ 
in ^vll ch the interruption was "made, or,, if 
necessary, the entire message may be retrans- 
mitted. 



CORRECTIONS 



J - 



In orde^" to prevent inordinat^ delays in ,the- 
receipt of traffic, afa operator should have a 
thprough knowledge of proper correction tech- 
Milques, There are several methods of. correct- 
ing errors that are made during jmamual 
transmission, Tne tprrect method is determined 
by, the location of the error. If an error Is 
made in the text of a massage, the operator 
sends the error prosign **EEEEEEEE", (eight 
Es) after the Incorrect word and. resumes trans- 
mission by repeating the last word , or group 
transmitted cor^ipctly. For example,' **CHECK 
TWO FOUR SUBRAEE^EEEEE FOUR' SUB- 
M.aRINE FRANCIS SCOTT KEY''. 

If an error Is made in the message head- 
ing, the- error prosign Is sent followed by the 
last prosign or operating, signal correctly sent. 
For example, assunje that the operator makes 
an error in format line 8 (INFO addee): 

(2CR) (LF) " 

TO COMSUBRON SIXTEEN (2CR) (LF) 

IFNOEEEEEEEE (2CR) (LF) 

TO COMSUBRON SIXTEEN (2CR) (LF) 

INFO COMSUBFLOT EIGHT (2CR) (LF) ^ 

(. . . .rest of massage. . . .) 

When a tape is prepared for transmission, 
two separate procedures are ..utilized. When 
e-rrors are^made in preparing '»ahad'' or chad- 
less'' tape, the errors may be qorrected by 
backspacing the tape an(J '^lettering out" the 
errors by mean#^ of the ^LTI<^ key. Tb^ LTRS 
key punches all five — character columns on 
the cut^tape and will not print a^ letter or num- 
ber when those functions are passed through 
teletype <»TD" (transmitter^distributor). When 
direct communication is used,errprs may be cor- 
rected by us^ of the error prosign, using tha. 
normal 8Es/ pro<j|Klure. Remember, liowe^^r, 
that when errors are made in the heading of 
a message while a tape Is cut for transmis- 
sion, a new tajje mupt be prepared. This is 
a necessity because error-free and sequence- 
perfect headings are mandatory In order for 
the tape to be passed through automatic relay 
systems. ^ * 



End of Message • 
Corrections \ ' 

' " y ■ • 

If an operator discovers an error that was 
committed earlier in the transmission and not 
corrected, the error may be corf^cted at the^ 
end of thet nr^essag^r This type *of ' correction^ 
is y separated from the final BT by »(2C'R) (l1P> • 
and will be preceded * by the prosign C. Tbei^ 
procedure is very similar to the **Nyord after", 
and **word before" procecjure described in radio- 
tele'phone pFocedure. Fcfr example, assume that 
an operator , has disciiyered an error In the 
teA and wishes -to cor*fet;t -it at the end of the 
message; 



( .^ext of Message, ! .. . . .) (2CR)(LF) 

BT (2CR) (LF) 

C WA SUBMARINE - FORCE (2CR) (LF) 
K (2CR) (8LF) ' ^ 
(4Ns) (12LTRS) 



In the 'preceding example, the station trans- 
mitting the message corrected the word after 
(WA) **submarlne" to read ^^force", sent the 
equivalent of phonetic **over" (K), and con- 
cluded the transmission with the proper ending 
procedure of two carriage retui'ns, eight line 
feeds, four Ns,' and twelve letters. The re- 
ceiving operator would then isither **Roger'^ 
for the message (R AR) or request fUrJther 
disposition by use of the appropriate operatin^j 
signals. It must be remembered that when errors 
In the message heading are corrected in this 
manner, the entire element in which the error 
occurred must be repeated. 

Multiple-Page Mes6age 
Corrections - 



When corrections are necessary in multiple- 
p^ge messages which were not corrected -by 
lettering out or by use of the qvxot prosign, 
the corrections should be m acleTf ollowing the 
last textual group on the page where the error 
appears. Such corrections are separated from 
the last textual word by (2CR) (LF) and will 
be preceded by the prosign C. The end of the 
page functions, (2CR) (4LF), are transmitted 
after the correction, with the exception that the 
last ^age will be ended with the normal mes- 
sage ending and machine functions. In those 
Instances when the error was not noted prior 
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io starting cmother page* the error ^ should be 
corrected at the end of the message. 

, Requests For Repetitions 

Whan a receiving station initiates a request 
for a ^rrSfction, sufficienyransiDission identf- 
flcationX^and such data, as jiecessary shoulcj be 
used "fB prevent confusion. For example, if a 
word* or group occurring, more than qnce in a 
iges&age is used to identify a part of Ihe cor- 
rection requesti it » is assumed by the trans- 
om! tting- station that the firM 'occurrence of 
that word .or group is implied. , If the first' 
•occurrence is not intended-, amplifying data sq^h 
as adjaceht wqrds or,Jgrottps must be included* 
Por example, assume that' the term * *COMSUB- 
LANT*' is used frequently throiiighout the text 
of. a messagd, and the receiving operator d^- 
covers an atmospheric garble in the receiv^d^ 
veirsion following one of the usages of GOM- 
SUBLANT, If the operator . simply asked, for 
^he word after (WA) CpMSU^LANT, the trans-^ 
mitting operator would not know which usage 
the cprrectibn wa$ requested for and would 
send the word after the first appearance of 
COMSUBLANT in the text. The receiving op- 
erator's' , i^pquest, therefore,^ would be better 
'served in the. following form: . 



(5SP) (2CR) (LF)^ 
NOKB DE NFSK 
(2GR) (LF). * 



im WB TRiijENT K 



In the pl-eceding example, NFSK is asking NOKB 
tQ repeat (IMI) the word before (WB) TRIDENT 
in ihe text of the message. The word^'fRIDENT 
appeared after the wordfollowing COMSUBLANT, 
but thie receiving operator saved 'time by- re- 
questing the word before TRIDENT ^rather than 
having to amplify further a **word after** COM- 
SUSfJLANT request. , . 

Notice the Usag^ of the operating signal 
IMI in the preceding ^example. Tie definition 
of IMI is **repetft** and is used whenever a 
station desires a repetition of a particular 
message part. If NFSK desired a repetition 
of the TO to INFO message components, the 
repetition request would take the following form; 



(5SP) (2CR) (LF) . 
NOKB DE NFSK 
(2CR) (LF) 



IMJ TO TO INFO K 



If NFSK wanted to request a repetition of the 
eighth group, of an encrypted message, the re- 
quest would be as follows; 

(5SP) t2CR) (LF) ' 

NOKB DE >JFSK IMI 8 K 

(2CR)r>(LF) . ' . ' 

If KFSK wanted: to request a repetition of the 
entire message after the eighth group, the re- 
quest would be as follows; 



(5SP) (2CR) (LF) 
NOKB DE NFSK 
(2CR) (BFj 



IMI AA^ 8 k 



Repetitions Involving **BT''^ ^ 

It should be remembered that the separative 
sign BT appears twice in tbe format of a normal 
mei^sage. It, is assumed, theri^ore, that repeti- 
tion requests involving BT are referring to the 
first BT. For example, assume that NFSK s^nds 
the f (Rowing transmission; . 

. V " ■ 

(5SP) (2CR) (LF) 

NOKB DE NFSK IMI AB ^T K 

(2CR) (LF) " : 

«. 

Thcs riieaning qan be^assiAned to be all before 
(AB) the ^irst BT, NOKB would then retran^smit 
the entire heading to NFSK. 

If NFSK wanted the entire text repeated, the 
transmission would take the following form; 

(5SP) (2CR) (LF) ^ ■ " ^ " ' 
NOKB DE NFSK IMI BT TO BT K ; . 
(2CR) (LF) ; • 

This would indicate to NOKB that NFSK wanted 
"the text only ^ (form kt line 12) and needed nO 
infprmatioji that rfiight 'hav§ been sent aftier 
the second BT »,forrnat lines 14, 15, and ll5). 
If NFSK wanted both the text and the substance 
of format lines 14, 15, and 16, the transmission 
would have been as follows; 

'' ' » 

(5SP) (2CR) (LF) 

NOKB DE NFSK IMI AA BT K 

(2CR) (LF) ^ * , . 

: ; i 

NOKB wpuld then retransmit everything after the 
lijrst BT. A situation such as tlpds one could 
arise whenever there are so many garbles in 
the received copy that it would' be more time 
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consuming to usa Vword after'*- or ^*word be- ' 
fore** procedure than' to simply repeat the entire, 
text auid remaining format' lines. ' ' ' 

Subject T9 Correction 

(SUBCOR) Messages v ^ . 

OccaBionally, corrections and repe^floris can- . 
not be obt^dned immediately. Mes*sages received 

: with portions missing ov porttons of ;doubtful 
accuracy should be delivered or Ipr warded sub- 
ject to cor ruction. (SUBCOR) if the precedence 
is IM^^EDI4TE or .Mgher or the operational 
situation dictates. In /local delivery' and routing, 
the mi sfidng ^ or doubtful portions should be; in- 
dicated by appropriate notation oxi the face oi, 
the me^safee. Extreme discretion should ^be ex- 
ercised, however, in forwarding or delivering 
transmissions that are so garbled as to be of 
no value." It should also be rememberefd , that 
a station ^deliveri^ or forwarding • a i^ssage 

' that is subject to correction is rei&ponsible for 
obtaining and forwarding corrections. 

Verifications- 
Verification requests should be. initiated h^' 
addressees only and may be in the form of a' 
service or regCilar message. \ New* messages 
or service messages that request f verification 
are sent only if the message In question has 
already been receipted for. Verifications, can- 
be requested on a real-time basis^ as the need 
arises on a manual XT'f circuit. 'The prosign 
J (verify with tha originator and repeat) can' 
be used in 'much the same' way as the prosigi^ 
C or the operating signal IMI. For example, 
assiime that NFSK. desires a verification of 
the words "'^SUBNOTE REQUEST'' ^from a line 
in the text that read's: **COMSUBLANT RE- V 
QUESTS SUBNOTE REQUEST PRQCEDURfiSBE 
IMPLEMENTED.'' The request for verification 
would fake the following form: . . 

(l^SP) (2CR).(LF) 

)KB DE NFSK J JIEQUESTS TO PROCE- 
DURES K . 
(2(2R) (LF) ^ 

AfteV checking with*tHe ori^nator apd verifying 
that \the textual -words in question are correct 
as previously transmitted, NOKB would initiate 
the following: 



M 



/ 



(5SP) (;2CR^ F) 

NKSK'DE N»>kB J REQUESTS TO PROCEDURES 



SUBNOTE REQUB6T K 
(2CR)'(LF) 

'. . ' ' '\ 

NFSK would then end the exchainge witl\: 

(Ssq (2CR> (LF) 

NOKB DE NFSK R AR 

02CR) (LF) * ; 

CANCEL-LA TIONS 



^ A message may be' caneleled only'Mjy tiie 
originator. When a. messag^ is iu the|process 
of being transmitted, .it .may be oeincele^i by 
use of the error ^resign B E E E E E E E 
(8Es) and the endiifig proslfn A R. Each letter 
of the error sign tntist' be separated by a spacer 
For example, if you af e transmitting message 

• and discover that tlie trarisiinission is ,in error, 
the proper method of cancellation is as follows: 

'and;pro€j;ed to point '(2cr) (lf) I ■ 

. EE E E E ? E E'AR ' ^ - 

(2CR) (LF) ^ \ . . • ^ ' . 

The 8Es prosign lind A^' Should riof be used- 
to cancel' a transmisision after a receipt; has 
been- gfve^. For^ this pxirpose, a service mes- 
sage containing appropriate operati;ig signals 
must be used. A' station canceling a tralismission 
is responsible for any fur^thei* action necessary 
^ in connectifan with the message involved* 

COU*4TlNG AND 1 
CHECWnG GROtlPS 

Confusion can often result if, an operaW is 
not familiar with^the basic rules concerhing the 
counting of messagi3 groups., Tne "basic rules- 
ar<^ as follows: - , • 

\ ' « V •" ^ ^ " ' \ 

• (1) Courft text groups Qn^y. . , - 

(2) Puricfuation and symbols are ^ not counted/ 
unless spelled put or abbreviated. ^ ^ 

(3) ; A sequence of characters • that is: not 
interrupted by a space is counted as one group, 

(^ The lettei* **y' is counted as o;ie.^oup^ 
when used in lieu of .ptmctuatlbn. , " 

(5) The proper i^dmes 'of coxintries, ^cities, 
or streets consisting of two or more'^separate 
'words ehould nornrtally be written and counted 
aa^*fci*iUp#For example, NEWlONPON, SAN- 
".TLAKECITY, But wheji the word^ 
separately, they should b^trans-- 
111' - Tand counted as. separate groups. ^ . . 
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CEDURES- 



Checking Group Count 

There are several methods of checking group 
counts of a message. One method Is 'the use of 
the operating signal IMI, which means **re- 
psat'\ For example, if an operator wants the 
ninth group of a message repeated, the re- 
quest would take the following form: 

(5SP) (2CR) (LF) ' ' \ 

'(Station called) DE (Station CalUng) ' 
IMI GR9 K 

(2CB)(LF) • , 

In this example, the calling station Is a;equestlng 
thai the ninth group be repeated. 

Another method Is by usd of the operating 
sig^ INT preceding v the / group symbol GR. 
Wl>§n a calling Station uses this format, 'the 
exchangq Is assumed to be in the form of a 
question, meaning '4s^ the number of groups 
correct as Indicated' '"V For example, assume 
that NOKB transmits a message to ,NFSK and 
transmits the. group cQunt as GR9 (mearilng 
that the message has 9 textual groups). Upon 
receiving the message, NFSK finds that the 
number of groups received does not correspond 
to the group count transmitted. NFSK would 
question ythe validity of the group count witb 
the following: 

(5SP)(2CR) (LF) 

NOKB DE NFSKJIJT <3j^ K ^ - r 
(2eR),(LF) " 

If NOKB rechecks the message and finds the 
grpup count to. be corre^ct as transmitted, the 
proslgn C would be used as follows: 

(5 SP) {2CA) (LF) ' * S ' 

NFSK DE NQKB.C K (2CR) (LF) 

Essentially, NFSK asked NOKB, **ls the grovp 
count correct as transn\ltted" ? NOKB responded', 
staying ''that Is correct." The primary difference - 
between/the opefatkig signals IMI and INT Is 
that IMI asksnfdi^_a^<fe peat, whereajs INT places 
the query In the form of a question. 

Checking Messages 
Under 50 Groups 



. For plain languj 
^ja^s where the 

'gro-.Ds, tb' 
orig^bai 




■ jteci text mes- 
ses not exceed 
cion repeats pie 
first character 



of "each word or groups in the text when re- 
sponding to an INT. For example, assume that 
NNBD makes the following transmission to NFSK: 

(5SP) (2CR) (LF) 

NFSK DE NNBD (2CR) (LF) 

R 151015Z NOV 76 (2CR) (LF) . 

GR9 (2CR) (LF) ' 

Br (2CR) (LF) 

YOUR SORTIE REQUEST APPROVED lAWCOM- 
SUBLANT OPORDER APPLICABLE ANNEX 
BT (2CR) (LF) 

K , (2CR) (8 LF) (4NS) 

.(12LTRS) 

NFSK then questions the group count: 
(5SP) (2CR) (LF) 
NNBD DE NFSK InT GR9 K 
(2CR) (LF) 

NNBP checks and finds the group count correct 
as transmitted, then transmits: 



(5SP) (2CR) (LF) 
NFSK DE NNBD 
BT K ' 
(2CR) (LF) 



GR9 BT Y S RAICOAA 



P becking Messages 
Over'SO Gfouos 



.For checking group count on plain text mes- 
sages over 50 groups, the procedure is the same 
as that discussed for those under 50 groups. 
For encrypted text messages with a group count 
of over 50 groups, however, the transmitting 
station repeats the original group count and 
repeats the first letter of the flrst,^eleventh, 
and every tenth group following them I For ex- 
ample, assume that NFSK sends the following 
INT request to NOKB after NOKB has completed 
transmitting a 76^ group encrypted message: 

(5SP) (2CR) (LF) 

NOKB DE NFSK INT GR76 K 

(2CR) (LF) 

NOKB checks and flnd^ the group fcount correct 
asL transmitted, then transmits: " 



(5SP^ ' 

NF • 

(2CR) 



R) 



"76 ^T 1- 

-R 6t k 



R 11-M 21-C 
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Notice that NOKB sent the Identity of the letter 
(lst,_lXth, etc.) and the letter itself (R, M, 

JBtC,). 

^ In the preceding manner, the receiving sta- 
tion can check to see if the sequence of groups 
has been received corre'ctly. After the trans- 
mission of the first, eleventh, and subsequent 
group letters, the receiving station can then 
find where the error lies and can send a re- 
quest for repetition of the ten groups In wh^ch 
there has been a miscount during reception. 
For example: ' 



(5SP) (2CR) (LF) 
NOKB DE NFSK 
(2CR) (LF) 



IMI 30 TO 40 K 



It should be pointed out that the group count of 
the transmitting station is final. 

TRANSMISSION OF ; 
MESSAGED 

Messages to be transmitted should be sent 
exactiy as intended by the originator. When a 
massage is transmitted, abbreviations should not 
be substituted for full words or full words for 
abbreviations without the approval of the origi- 
nator. 

A station receiving a messa^ is responsible 
for^the message until a receipt is obtained from 
another station or delivery is accomplished. 
(Messages forwarded by the broadcast services 
are considered received when transmitted.) 

It Important to remember that the number 
of characters and spaces typed on one line should 
not exceed 69. Sending operators should type 
the message in such a mauiner that a long 
word falling at the end of a line will not be 
hyphenated. In order to prevent hyphenating a 
/^ord at the end of a line, strict attention must 
be paid to the **end-of- line*' indicators (warning 
light or- margin bell). 

Multiple Page MesSEiges 

Messages containing more than 20 lines of 
heading and te;^ are divided into pages for trans- 
mission as follows: ' ^ 

(1) Thb number of pages of the messcigp 
t^^ .in any transmissipn cannot exceed 5. A 
page consisting of part heading and part text 
should not count as a textual page. 

' (2) The first page should consist of not' 
more than 20 lines and should begin with format 



line 5, counting from format line 5 of the mes- 
sage heading, and continue for a total of 20 
. lines. < 

(3) All succeeding pages should contain 20 
lines of text, except the last page,' which may 
contain less. ' ' 

(4) Correction (C) procedures may be used 
at the end oleach page as necessary. , ^ 

(5) The machine functions between pages 
should be (2CR) (4LF). 

An important point concerning the proper 
paging of messages should be understood. As 
stated in condition (1) above, a page consisting 
of p^t heading and part text does not count 
as a textual page. For example, the initial 
page«should have the heading of the message and, 
barring a long list of action and info addees, 
a few lines of text. This initial page s)u)iild 
not count as one of the textual pages because 
it contains both heading and textual- lines* It 
should also be pointed out that the lines referred 
to are not format lines.; they are TYPED'lines. 
The first textual page, therefore, should be 
one which has 20 typed lines of text, not in- 
cluding any element of the heading. 

Long Messages 

Messages which exceed 5 textual pages are 
considered to be long messages. Messages such 
as these are divided into transmission sections. 
A transmission section cannot exceed five textual 
pages. 

Long messages can nEK)nopolize circuit time 
when transmitted in their entirety. It is some- 
times advisable to separate the messages into 
transmission sections even though they may be 
less than the prescribed length. Transmission 
sections should not be confused with crypto- 
parts as employed in encrypted messages. Nor- 
mally, messages are separated at a convenient 
point so as not to destroy the continuity of the 
message but not beyond the maximum number 
of pages prescribed. 

In unencrypted messages, the marking **SEC- 

TION OF_: is inserted prior to the .text 

or following the security classification, if *any. 
For example, if the marking ^'SECTION 1 OF 
3" is used, each additional ''transmission sec- 
tion should be preceded by an identical message 
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beading. The only difference should be the sta- 
- tion serial number and group count (if any) 
for that particular transnjission i^ction. The 
final -transmission section is identified by **FINAL 
SECTION OF 

• The following is an example of the correct 
method of numbering pages and transmission 
sectioos of a 1600 group message: 



(6SP) (2CR) (LF) 
NBA DE NFSK NRl 
T , 

O 1 71510 Z NOV 76 

FM USS FRANCIS SCOTT KEY 

TO COMSUBGRU SIX 

COMSUBRON SIXTEEN 
COMSUBRON FOURTEEN 

INFO COMSUBRON'EIGHTEEN 

GR750 

BT ^ 

SECTION ONE OF TWO 

(Twenty lines of heading 
and text) ' 

PAGE TWO NFSK NRl 



j(Twenty lines of text) 



(2CR) (LF) 

(2CR) (LF) 

(2CR) (LF) 

(2CR) (LF) 

(2CR) (LF) 

(2CR) (LF> 

(2CR) (LF) 

(2CR) (LF) 

(2CR) (LF) 

(2CR) (LF) 

(2CR) (LF) 

(2CR) (LF) 
(2CR) (4LF) 

(2CR) (LF) 

(2CR) (4LF) 



(Note:' Succeeding ^pages of this transmission 
section should appear as shown above. The final 
page is shown next.) 

PAGE FIVE NFSK NRl 



(Final lines of text) 
SECTION ONE 
BT 

K^ 



J 



(2CR^ (LF| 

(2CR) (LF) 

*(2CR) (LF) 

(2CR) (LF) 

(2CR) (8LF) 
(4NS) (12LTRS) 



The second and final transmission section would 
appear as follows: • ' 

(5SP) (2CR) (LF) ^> 

NBA DE . NFSK NR2 (2CR) (LF) 
.1 

T (2CR) (LF) 

O 171510Z NOV 76 (2CR) (LF) 
FM USS FRANCIS SCOTT KEY (2CR) (LF) 
TO COMSUBGRU SIX (2CR) (LF) 

^ COMSUBROl^I SIXTEEN (2CR) (LF) 
' COMSUBRON FOURTEEN (2CR) (LF) 
INFO COMSUBRON EIGHTEEN (2CR) (LF) 
GR850 (2CR) (LF) 

BT , (2CR) (LF) 

FINAL SECTION OF TWO (2eR) (LF) 



(Twenty lines of heading 
and text) 

PAGE TWO NFSK NR2* 
(Twenty lines of text) 



(2CR) (4LF) 
(2CR) (LF) 
(2CR) (LF) 



(Note: The succeeding pages of tjiis transmis- 
sion section should appear in the manner just 
shown. The final page is shown below.) 



PAGE FIVE NFSK NR2 
(Final lines of text) 
SECTION TWO 
3T 



(2CR) (LF) 
(2CR) (LF) 
(2CR) (LF) 



(2C?^) (LF) 

(12LTRS) 



In the preceding example, notice . it the 
text is conveniently broken down into 750 and 
850 groups, respactivaly. Also, notice that ,a 
separate station serial number is used for 
each tranfimission section, aHhough.the date-/ 
time group and addees 1:emained the same. 
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USE OF COMMON 
PROSIG^JS 

* Proper usage of common prosigns can save 
circuit time and expedite traffic handling pro-, 
cedures. It is important, therefore, that TTY 
operators have a knowledge of the most used 
^prosigns and their basic defifiitions. 



follovdng is a list 
prosigns and their meanings: 



of the se c om m on 



PROSIGNS DEFINITION AND MEANING 

AA All After. 

AB All Before. 

AR End of transnjlssion - *'This is 

the end of my transmission to 
you, and no response is required 
or expected." 

AS Wait - 

(1) /9S made during a 'transmis- 
sion and without an ending sign 
indicates a pause* for -a few 
seconds. 

(2) AS followed by AR indicates 
''You are to wait" or "I am 
obliged to wait", as applica- 
ble. 

B More to follow. 

' BT Long Break - "Indicates the sepa- 

^ ration of the text from other por- 
tions of the message or portions 
4 indicated;" 

C (1) C alone means '*You are cor- 

rect." 

(2) C followed by identification 
data means. "This is a cor- 
ract version of the message 
o): portions indicated." 

(3) Always used when replying 
toprosignJ. 

CFN Confirmation - ^"The ^following 

confirms a portion of the text." 



PROSIGNS DEFINITION AND MEANING 

DE From - "This transmission is 

from the station whose designa- 
tion follows." 



EEEEEEEE Error f A succession of 8 Es In- 
dicates that an error has been 
made. The error sign will be 
followed by the last word, group, 
or prosign which was correctly 
transmitted. 

F Do not answer - "Stations called 

cCre not to answer 'this call, re- 
ceipt for this message; or other- 
wise transmit in connection with 
this transmission." 



FM 



GR 



GRNC 

HM ' 

IMI 

INFO 

INT- 



IX 



Originator's Sign - **The origina- 
tor of this ^message is indicated 
by the designatign immediately 
following." ^ 

Repeat back - * 'Repeat this entire 
'transmission back to me exactly 
as received." 

Groups - GR followed by num- 
eral(s) means, '*This message 
contains the number of groups 
indicated." 

**The groups in this message 
have not been counted." 

(Made 3 times.) Emergency si- 
lence sign. "Silence." 

Repeat. 

Information addressee sign. 

Interrogatory - Preceding operat- 
ing signals and prosigns, INT 
Indicates that the matter to follow 
is in the form of a question. INT 
preceding a portion of a message 
means ''Is my reception of ttds 
correct" ? 

« "Action on the message or signal 
which follows is to be carried out 
upon receipt of "EXECUTE." 
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L 



PRQSIGNS 
J 



DEFINITION AND MEANIN(3 

Y^ify and repeat - ••Verify the 
en^re message (or portion in- 
diditt^d) with the originator and 
send correct version," 



K Go ahead - ••This is the end 

of. my transmission to you and 
a response is necessary. Go 
ahead; transmit." 

NR Number, 

O Immediate - ••The precedence of 

this message is IMMEDIATE," 

P Priority - ''The precedence of 

this message is PRIORITY." 

R Received - have received 

^ your last transmission (or mes- 

sages indicated)," 

R Routine - ••The precedence of 

this message is ROUTINE," 

T Transmit to, 
V 

TO Action addressee sign, 

' WA Word after, 

) WB Word before. 

XMT Exempt - ••Addressees iiidicated 

by designation immediately fol- 
lowing are exempted from the 
collective call or address desig- 
nation,'* 

Z Flash - ••The precedence of this 

message is FLASH," 



AA, AB, and AS 

AA (All After) is used to identify requested 
portions, of a message, ^ It is normally used 
after IMI, C, and ^. For example.;^^ 

(6SP) (2CR) (LF) 

DE NFSK IMI AA BT K 

(2CR)(LF) 

AB (All Before) is used in the same manner 
as AA, 'J 



AS (Waft) fe used in several different ways. 
It can be made during a transmission and" with- ' 
out an ending sign, wHlch indicates a short 
pause. It can be made with 'an ending Jfign, 
such as AR, to mean ••you are to wait,^' J\n 
example of a short pause is as follows: i 



(5SP) (2CR) (tF) 

NOKB DE NFSK 

R * 221035Z NOV 76 

GR15 

BT , 
MOOR PORT SIDE 
AS 



(2CR) (LF) 
(2CR) (LF) 
(2CR) (LF) 
(2CR) (LF) 
(2CR) (LF) 



(2CR) (LF) 



If the preceding exajnple is transmitted as 
is, it means that the pmse will be a short one. 
If the transmission were, ended with AR, how- 
ever, it would mean that the wait will be longer 
than a short pause. In any event, the receiving 
station is to wait for eitiier a K or AR bef6re 
transmitting, - The exception to this rule ^would 
be whenever Ihe receiving station has a me's- 
sage of higher precedence to transmit. If the 
receiving station has a higher precedence mes- 
sage tb transmit, break-in procedure shoyld 
be employed, . 

* B (More To. Follow) 

The prosign B meags that there is more 
traffic to follow. For example: 



(2CR) (I^F) 



(5SP) (2CR) (LF) 
NOKB DE NFSK 

R 221 330 Z NOV 76 (2CR) (LF) 

FM USS FRANCIS S^OTT KEY (2'CR) (LF) ' 

TO USS ABRAHAM LINCOLN (2CR) (LF) 

BT (2CR) (LK) 

(Text) (2CR).(LF) 

BT , (2CR) [lF) 
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UNCLASSIFIED 



B 



K 



(2CH) (LF) 



(2CRJu;(8LF)\ 
(4Ng)J12LTRS) 



Th«3 above 
NFSK has 



example ^indicates to 
more traffic to send 



0KB that 
tjjife'lijaee- 
ment oi B oa^e final iratructions. ■ ^ * I 

6 followed! by a numeral' maanir.:*«4More to 
follow, total number of groups transmitted. thus 
far iiB as ^ indicated," For example, if NFSK 
were transmitting a 190-grQup message to NOKB, 
the procedure,should be done as follows: 



(5SP) (2CR) 



NOKB 



DE NFSK 



, R 221345Z NOV 76 

GRiao . * ^ 

BT- 

' ^First 100 grouf)S) 



B 100 
'K 



^(2CR) (LF) 
(2CR) tLF)^ 
(2CR) (LF) 
(2CR) (LF) 
(?CR) (LF) 

42CR) (LF) 
(2CR) (4LF) 



1^ 




authority, HM, transmitted^ thi^e timely, means 
"Cease transmissions imxpsciiately; silence will, 
be maintained until directed to resum.3." 

The silence transmissibn HM HM HM after 
a call means *<Station(s) addressed cease rail 
transmissions on this net imii,iefflately." After 
a call HM HM HM followed by a frequency 
or frequency designator means. **Station(s) ad- 
dressed cease all transmission immediately on 
th^t frequency or that indicated by a frequency 
designator." • * ^ 

Emergency sHence is lifted by addr^sing 
the station(s)% concernedr and tramsmittiqg tlie ' 
operating signal meaning **K[egative" (ZUG) fol- 
lowed by HM HM HM. 

T (Transmit To) 

T, when used, appears in the transmission 
instructions, T alone means, * 'Station galled 
transmit this me^ssage to all addresse'es in the 
address component.'' For example; 



(5SP) (2CR) (LF) 



^-NOKB DE NFSK 



In the preceding example, NFSK indicates 
to NOKB that the number of groups sent thus 
far is 100 and that there- is more to follow. 
The K indicates ' that repetition requests will 
now^ be taken. It is st^dard cifcuit procedure 
to pause at the end of each IQt) groups to allow 
. thfe receiving station time to request repeals, 
.corrections, etc. 

GRNC (groups Ifot 
qpunted) 



P ^2214052 ' NPV .76 



.(Rest of message) 



In 
in 
to 



the 
the 
transmit 



)1^. 



(2CR) (LF) 

\^ ('2fcR) (LF)'-'^ 

^2tR) (LF) 

(2fek(&LF) f . 
(iW) >\2LTRS> 



xamplej^aie^flacement of T 
transmission instructions 



the mesiSage to all 



tellB 
addees 



[ GRNC means,' **The groups in this message 
have liot been eptmted." GRNC is Mandatory 

, in the prefix in^assages bearing an aiccounting, 
symbol when gr^upg are not counted. An ao*^' 

^.ijAinting symbol is^ used to aftix finaiicial rer 
sponsibility w6en* charges ^^^^e incurred^' 
Accounting symbols are discussed in -detail in 
the applicable edition of NTP 9. 



HM (Emergency Silence 
Sign) 



E9>ergency silence may be imposed or lifted 
by a station only^?(?hQn authorized by competent* 



preceding e> 

NQJCB 
In the 

address component. ^ ^ / 
T, followed Ity' an address desigitation(4f 
means/ "Station called transmit this message 
to thYaddressee(s) whose address designation(s) 
folloMu" For example^^ 

.(5SP) (2CR) (LF) 



NOKB 
T NNBD 



DE NFSK 



P , 221410Z 
(Rest dt ^essage) 



NOV 76 



(2CR) (LF) 

(2CR) (LF) 

/^CR) (LF)' 

(2CR) (8LP) 
(4NS) (12LTRS) 



In the pregedJIig example, NFSK is telling NOKB 
to transmiM^b m.^ssage toN^BD. 




UNCtASSIFIEET 



uncla^sii|ep 
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Ti preceded by a call sign and followed by 
an address designation(s), maans **Station whose 
cail sign precedes 'T transmit this mesflage to 
the addressee(s) whose address d^sig^iation(s) 
follow T.'' For example; 



(5SFji (2CR) (LF) 



NNBD DE NFSK 



NNPD T NDRS 
NpKB T NRMC 
P 221430Z 'NOV 75 
(R9:3t of message) 



(2CR) (LF) 
(2Ca) (LF) 
(2CR) (LF) 



(2CR) {hiy 



( 



{iCR) (8LF> 
(4Ns) (i2LTR§) 

In the preceding example, N^BD andNOKB*are 
to transmit the message Uo HDRS and NliMe^- 
respectively,. It should be n^ted that when more 
^l^n one station is called and directed to relay 
a message, the transmission instructions for each 
such station*'must appear on a separ^Cte line. 

T^instructiOns may be modified by - use of 
the operating signal ZWL to denote that^ no 
forwarding action is* required to the •addressee 
designatipnjs) which immediately follow ZVVL. 
For Q^iample: 

(5SP) (2c)l) (L5) 

NCK^ DE NFSK 



T Z^li NDRS 
P 221445Z 
FM NFSK 

V 

TO NRMC 
NMFO 

NDRS ; 

NBIB 



NOV 76 



(2CR) (LF) . 
(2CR) (LF)r 
(2CR) 
,(2CR) (LF) 
(2CR) (LF) 
.(2CR) (LF) 
(2CR) j[LF) 
(2CR) {hty 




/ 



C2CR) (8LF) 
(4NS) tl2LTRS) 



(Rest of message) 

In the^4)refeeding exampae, NFSK haa/direcjted 
NOKB to relay the message to all of £he addees 
except NDRS by using tha^oper%ting signal ZW]U 



after T and preening the call feign to be ex- 
empted. 

There are many uses of the various op- 
erating signals and prosigns, and it would be 
difficult to foresee each circumstance in which 
they would be used. A thorough understanding 
of the* basic rules regarding the use pf^ $hese 
prosigns and operating signals' is jcssential 
to TTif ogerators*, and, of;.course, nopitig can 
teach proper ulage as e:q)erience can. It is 
recommended to all -potential - operators that 
^ they ^ thojoughly read and understand' the ap- 
plicable ^edition of ACP 126 as well as the ap- 
pUc'aJ4|e- procedures^butlined in Fleet and Force 
Commanders' directives. 

Manual switching 

SYSTEMS t 

The difference in switchboard and TTY equip- 
ment used by the various nations precludes a 
combined^manual switching procedure. The m'an- 
ual switching procedures used by each nation are 
contained in the National Annex to the applicable 
edition of ACP 126. f^or combined working, 
local arrax%ements.must be made for allstattons 
to us^ the applicable calling and operating pro- 
cedure prescribed by the nation to whose switch- 
bo^d'-they are connected. ^ ' , 

There are sisveral special abbrevla'ttons that 
should be understood by TTY operators who are 
part of a mariual switching system. They' are 
a,s^ll<fws; 

(1) BKD (Booked/ - '*Your call . has been 
booked." Used by switchboards' after BOOK 
has been requested. /' ^ . 

(2) BOOK -'^'It is '^equ&^ted-that this call 
be^ booked.'*" The precedence of the mesjsage 
a>vaiting tranfflhnistiioip should included in 
the book request. ^ ^ v ' 

(3) ENGD (Engaged)" - "The station called, 
is "engaged.*' If th^ called station is engaged, 
the calling station may then transmit BOOK| 
followed by 'the pregfedeiice of the message" 
awaiting transipission. ' ^ , ' ^ 

(4) OC3o ("Out of Order**) - "The circuit(s)L 
^ thS^station callec^ iscout-of order.*/* 

^ Manual switchipg systems are enginee^'^d 
in such' a* manner that each station connected 
jii6 a 'switching central switchboard ^ an i com- 
municate with -other stations connected to the 
same switcl^board by manual cross cotmectloh. 
or patching. Although establishing communicfatloh- 
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and making and terminating connections require 
a dTTferent procedure . than that required -for 
other' methods of manual TTY operation^ the 
procedure for handling messages through switch- 
ing centrals ^ is the same as in other methods 
of manuM TTY operation. Exceptions to this 
are explained in the National Annex to the 
applicable edillon of ACP 126. » ^ 

j!>laclng Calls ' ^ T / 

A s^lation operator ^ calls the swltchboarcf 
X)peratqf by depressing the '*BREAl^'' switch 

"for two seconds. When the answer is received 
from the. sw;itchboar4 operator, thei originating 
station transmits a preliminary call indicating 
the 8tation(s) with w£iich communication is de- 
sired. This call conaAsts of the ' identificatipn 
of the called station^ s), the pFO^ign DE, the 
identification* of Jhdi^ station initiating* thp. call, 
the precedence prosign, and the -prosign K. 
U the ftrjcedence is FLASH, five belte wi 
soundedr after the prosign K. * 
After the switchboard operator has com- 
pleted the connection betVveen the . calling and 

. ca^ed stations), repeated y^^r^l&ninary Call, 



1^ 



and an answer has been received 'by the station 
initiating th^ call, transmission of traffic will 
begin* Traffic is transmitted in the same manner 
as if there were ncJ switchboards involved. 

Recalling And Disconnection 

During a connection," the switphboard op" 
eratof rpay be recalled by jdepressing the' break 
switch for two seconds. When an answer is re- 
vived from the switchboard, the recalling sta- ] 
tiqn should immsdlately transmit the re asomf of 
th^ recall.- " <■* * 

When the station which initiated the call^ 
is ready to t^rm^ate the connec^on, the sta- 
tion recalls^the switchboard by transmittiag^^a 
t)^o second bjeak. To terminate the oonneqnon, , 
£he c^ng station transmits • the -prosign DE', 
the station identification, and the prosign AR. 

Occasionally, switcl\ing ar range m^ts, cannot ^ 
b3 m.ide through existing trunk donnections or 
are not considered ^practicable for further switch- 
ing. In this event, th»rmessage(s) are **TABLED 
OUT'Vi.e. passed to a local reperforator or 
teletypewriter for onwafd transmission in the 
prooeduTe applicable to that^art of the network. 



■f 
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AUIQAAAiTED SYStImS 



Through modertj technology, telecommunica- 
tions capabilities have been Improved in many 
areas. For example, we now have more efficient 
modulation techniques and transmission methods'^ 
better error detections and correction coding, 
and satellite relay. Th>4S, the quality'luid fepeed 

"of communications have been»(>greatly in^pfoved 
in addition to increasing information transfpi* 

^capabilities. . . ' / 

In the past, manual, logging, reproduction! 
distribution, filing, feaddressal, etc.," repi^lted 
^n system "bottlenecks.*^ These bo,ttlen*kS still 
exist in some areas jof the N^ival Telgj^Smmuni- 
catlons System (HJS) and prevent the realization 
of acceptable writer-to-reader - times* It,^s 
through Jb^ autotna^lonof these functions that/ we 
are now pursuing ^accWptable comrafunicatlons 
in a modern »dynj^^ Environment. This chapter 
covef^ basic information 'concerning majp^auto- 
naated systems that are in Use todeiy. 



'AUTODlN 



center is to accept mepjsages from- any of the 
^subscp^fters, determine theii- classifications and 
preceqencee, and- relay the. c(iessagei^ to the 
addijess^eG^bscribers.v ^ , 

In, addition to its reliability,^ AIJTODIN, ,i£ 
^exlble. Aporopriate interface equipmtents trans- 
late all Inputs^into a common machine language^ 
* AUTODIlT^ls 'compatible with ^ma^ny different 
lQ<^mpviter codes, speeds, and media (cai-d, t«ipe,' 
etc.); Thus, COTnmunlcatlons §qulpn^ent within the 
' NTS can be integrated into the-AUTODIN systei; 

.^l)rODIN SWITCHINQ 
CENTERS (ASCs) cT, • ' 

The A^ODINr Switching Centers ' (ASGs) ^are 
' the Jocil polntfe of the entire qetwork. The network : 
proper is comprised of two iJtlerqonnected por-* 
4i6ns: CONUS AUTODIN and Overseas AUTODIN. 
Within CONUS, the ASCs yse-leas^ or contr£bt 
furnish^ equipment, whereas the Overseas ASCs ' 
/ use'government-furni$hed equipment. ' 




The Automatic Digital Network (AOTODIN) , 
is a worldwidcr computerized, general purpose, 
communications systeyn. AUTODIN proyides for 
the transmission of both jM.rrative and data 
pattern traffic on a stpre-SLnflrfbrWartf Jbasis. The 
Objective of AUT'oiSTn is to^rovide /reliaftle, 
secuTe, and efficient communications', incorpor- 
ating errpr ^detection and the ' highest speed 
transnWssion equipment availaple.^As part, of the 
Defense ' Communications ^Systerfi . (DCS) , AUTO- 
DIN is managed by the^Defense Communications 
Agency (<^A). . ^ \ 

As* a digital network, AUTCJDIN consists of 
switching centers that are ^ interconnected by 
trunk lines. Each center has local lines that 
radiiite from it to each subscrllfer terminal. 
Messages originating at*4ny of the subscriber 
terminal^ are' forwaitied through their switching 
centers. I'he fuhctlon of the message switching 



Input and output ^dejrices provide the 'ce'ntrs^ 
AUTODIN computer with the facilities necessary 
for communicaJtlng .wltl?. the users. Input-devices 
such as card readers and teletypeWrlters supply 
the computer with-^he data and Instnictlpns, while, 
output devices 1 provide the ^ means for changing 
the data processed Jay the computer into a lorm 
.specified by 6r intelligible to the users. The^ 
•selection of input/output devices depends on the 
specific use for which a computer is intended. 

Generally,. Anpi^/output devices must, meet 
two basic requirenvMts. First, the devices must 
be able to modify all data so that it is acceptable 
to the computer during the input phase of the 
operation and must be abte to present dat^ in 
usable form durlhg the output phase. ^Second,* 
the devices muat operate qmiekly and efficlentl,y 
in^ conjunction with the copiputer; Because the 
various input/ output, devices use code language. 
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it Is necessary thaV you understand the basic 
lan^ajees used. They arenas follows: / 

li H611erith Code — Standard . punch card 
language.' - /" - » . - * 

..2. ASC -11 -Code— Am(y,ican Standard Code 
inforiTiation'^ interchange, :eight-lever paper tape. 

3. IT A #2 ''Code — American version, of in- 
ternational .TT?Y alphabet,; five-'level paper tape; 

Operational Modes ' ' 

The following five methods of channel oj^ 
eratioi] are available in AUTODIN: 

1. Mode I — A duplex opemtidn with auto- 
matic error and channel controls allowing In- 
dependent and simultaneous two-way operation. 

2. Mpde II — A duplex operation, normally 
associated with TTY equipments, allowing in- 
dependent and simultaneous two-way operation." 
In this mode, '"''the re are no automatic error 
and chann^ controls. 



3. Mode HI — A duplex operation with aul 
matic error and channel control but utili':^fng 
only one-way transmission. The retyiun direction 
is used for error control and channel coordinatiDn. 

4. Mojie IV—^Unidirectionaf operation (sond 
only or ^ receive , only) without^ error control and 
chann^ coordination. 

' Mode^^/^— A duplex operation,, normally 

associui^pi''wTW TTY ^uipments, allowing inde- 
pendyfitand sfmultaneous two-way transmission. 
'MfiGsage receipt is' acknowledged through the 
of control characters, and message accpuni- 
Dility is maintained through the use of channel 
sequence numbers. ^ 

Programming 

At the start of each AUTODIN message is a 
header Containing pertinent information relating 
to the destination of the messi^. Messages can 
be sent to ^a single addressee or, if directed 
...Jby the header information, copies can be sent 
to m?iny addressee's. This system saves time 
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and communication facilities, since only one 
, message is prepared by the originator and sent 
to the switching center. 

The timing system contained in AUTODIN 
'equipment briefly connects a switching center 
to each terntlnal in turn. Computer memories 
act as reservoirs for the incoming messages 
of^ each subscriber terminal. The computer is 
programmed to connect each terminal in turn 
during a cycle. The computer can service low 
find^ high speed terminals aS V/p\\ as the*^\ju^ 
line (or lines) linking it to the XDther switching 
center. Messages which have been received in 
their entirety are scheduled for dUtput to the 
addressee's channel when itjs turn arrives in the 
cycle. 

AUTODIN has built-in safeguards which detect 
almost any type of hardware or format error. 
Additionally, a complete (reference) copy of all 
messages that are relayed is kept on AUTODIN 
computer tape, A separate copy (called a 
"journal*') is made pf only the address. Using ^ 
this journal copy as an index permits the system 



to locate the reference copy of any of the 
messages. * ' 

DIGITAL SUBSCRIBER 

f ERMINAL EQUIPMENT (DSTE) 

The most tommonly used communications 
application of AUTODIN is in the form of Digital 
Subscriber Terminal Equipment (DSTE). The 
DSTE system' is used in communications 
terminals around the world and may be con- 
figured in various forms. For example, the 
, system may be configured as a card only terminal 
(figure 14-1), as a tape only terminal (figure 
14-2), or -as,a"\;ombined card and tape terminal 
(figure 14-3).^ ^ 

The various DSTE configurations are linked- 
together bV the ADMS. The ADMS are part of 
the AUTODIN switching centers as well as the 
subscriber terminals. Included in the DSTE 
Are the following equipments: 

• Common CtDntrol Unit 
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Figure 14-3. — High-speed card and tape Configuration. 
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• Card Reader 

• Paper Tape> Reader 

• Low-Speed Card Punch 

• High-Speed Card Punch 

• Universal Keyboard 

• Page Pr j^er 

• High-Speed and Low-Speed Paper Tape 
Punches 



Common Control 
Unit (CCU) 



The common control unit is the prime control 
device in each digital terminal. (See figure 14-4.) 
This unit automatically coordinates and inter- 
connectis full-duplex message traffic. The basic 
sending operation consists of the following: 



1. Accepting data characters from tape or 
card readers; 

2. Accumulating the input characters into 
data blocks in the CCU memory; 

3. Distributing data blocks to an output tape 
or card device on a character basis. 
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Figure 14-4. — Common control unit. 
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■ ^ ^1 

Card Reader 

' The earn reader (see figure 14-5) is a message 
Input device for the transmit operatipn of the 
DSTE, The flow of intelligence is as follows: 

1» Messages punched in cards in Hollerith 
code are read by the card reader. 

2. The Hollerith characters are elec- 
tronically converted into ASC 11 characters, 

3. The ASC II characters ^;:e transferred to 
the common control unit. 

4. The common control unit accumulates the 
characters into bjocks and sends them to the 
line for transmission. NOTE: The card reader 
can read cards and transfer data to the common 
control unit at a rate up to 1500 words per 

^^Inute. 



. Paper Tape Reader' ^ * . 

y ■ ■ , 

The paper tape^ reader ^see Yigure ^14-6) 
converts the pefforations in punched paper tape #: 
to electrical d^ta in the form of ASC Il-coded 
characters and transfers this data to the cpmmon 
Control unit, A front panel switch provides the 
option of reading data punched in either ASC 11 
or ITA #2 code form. The data an ITA 4f2 coded 
tape is converted to the ASC H code form required 
as an input to the common control unit. The 
punched paper tape is stepped through the reader 
mechanism one^ character at a time in response 
to control signals received from the common 
control unit. The paper tape reader is capable 
of reading fully perforated paper tape and trans- 
ferring the data' at a rate of 1500 words per 
minute, A speed limiting switch permits reading 
chadless paper tape and transferring the data 
f o r any • rate up to 187.5 wo rds pe r 
minute. 
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sLow- Speed . . - 

Card Punch . ' 

' The low7Speed card punch (see fi^re 14-7) 
can be used at a DSTE .either as , an on-line 
outpu.t device or off-line in conjunction , with 
the universal keytx^ard (see figure 14-8). 

The low-speed punch ca.fd accepts data from 
the- common, control unit or keyboard in^ ASC 11 
code. This data is converted to Hollerith code 
and punched in cards. The punch logic substitutes 
an asterisk for any character received in ASC 11- 
, which ^does not have an assignment in Hollerith. 
The low-speed' car^i punch can punch and print ' 
cards at any rate compatible with a common 
control unit rate up to 375 WPM (28 cards pier 
minute). 



^High-Speed 
Card Punch 

The hi^-speed card punch (seie figure, 14-9) 
accepts data, from the common control unit in 
eight-level ASC II code. A^ the card punch, the 
da^a is then converted to Hollerith and punched 
in cards. The pungh logic substitutes an asterisk 
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Figure 14-7. 



Figure 14-8. — Universal keyboard. 



for any character received in ASC II whiOh.does 
not have an assignment in Hollerith, The high- 
speed card punch supports speeds up to 1500- 
' WPM or an equivalent of 150 characters per second 
(11^ cards a minute), ' - 

Universal Keyboard 

• The universal keyboard (figure 14-8) as used 
in conjunction with a paper tape punch or a. card 
punch. An off-line device, the keyboard affords 
the means to prepare messages, for .subsequent 
transmittal via the apprppriate DSTE. 

Page (Printer 

The page print^/ (figure 14-10) can be used in 
a digital terminal as an output monitor 6r as 
\ an input monitor. 

128,8 As an output, monitor, the page printer pro- 

Low-speed card punch, .vldes a printout of the data received at the 
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128.9 



.V- High-rspeed punch. 



^5* 
but 



TOonitdr, the page printe]^ 
" 'ata transferred to the 
vaclous DSTE i-eade rs. 
oi^'.inter to the input 
i^Il^d at the common 



br qpei^ates at speeds up to^ 
3 . pi%c<ed ten characters per^ 
charactefs per line, with six, 
le printer can accommodate 
lole, single ply paper, multi- 
masters, tod 2, 3, 4, and 
ith carbons. 




and low--efpeed paper <^tape 
e 14-11) function ap on-line 
1 "paper tape punches can also 




Figure 14-l6.-^Page printer. 



128.12 



be used for off-lin^ keypunph pperation in con- 
junction with the universal iJeyboard. 

As output devices, th^ paper tape punches 
accept ASC II coded data from the common con- 
trol unit and enter this data onto p.unfched paper 
tap^ the form of either ASC n or ITA ^2 
^ded characters. Iri addition, a printer- 
interpreter ' prints characters between the 
:;ijrocket holes on the paper tape corresponding 
to the punched characters. The high-speed paper 
tape punch punches paper tape at sp6eds up to 
1400 WPM. The low-speed paper tape launch 
punches and, prints paper tape at speeds* up to 
1^.75 characters per second and will punch, 
without printing, up to 75 characters per second. 

A unique feature of the paper tape punches 
is tl\e, ability to operate the tape punch and 
prinffeV interpreter independently. This perm'ts 
off-line printing of previously prrepared paper 
tape while the punch mechanism remains on-line. 
, Data communication does' not necessarily 
solve all workload problems. Along with the 
obvious benefits, there are also drawbacks., Some 
disadvantages of the data processing communi- 
cation systenis are as fallows: ^ . ^ 

1. Limited decision makihgcapabllity of each 
piece 'of equipment. 
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128.13 

/Figure 14-11,— High-speed and low-speed paper 
tape punches. 



2, Multiple Call — Destined for two or more 
addressees or stations which may be indicated 
as ACTION or INFORMATION. 

3. General Messages — Messages which have 
a wide standard distribution and contain an 
identifying title and sequential number. 

The AUTODIN system will accept and'process 
plaindress, Jibbreviated plaindress, codress, and 
data pattern niessages. Since all messages utilize 
the basic Sixteen line format, the number of 
lines used is determined by the selected^fbrmat. 
For exampre, format lines 6, 7-8, and 9 arie 
never shown externally in a codr^^ss message but 
are shown in plaindress forn>rft. Therefore, the " 
communications need would dictate the type of 
format selected. 

AUTODIN TELETYPEWRITER (TTY) 

Much of the traffic that is passed within the 
AUTODIN systejm is accomplished via teletype- 
writer (TTY). You can consider AUTODIN to. 
be an automatic tape relay system when communi- 
cating via TTY. When studying chapter 13 (ManuaK 
Teletypewriter .Procedure), you learned that com- 
^munications via TTY could be accomplished 
through the use of direct hard copy, tape copy, 
or a combination of both. The AUTObiN syst^fc 
is programmed to accept properly cut tapfljp 
route them i lagh the various switching cente^ 
and terminals en roufe. to their ultimai 
destination, and produce a tape and hard copy 
to the designated addresses. However, there 
are requirements that must be met when headers 
and tapes are cut for transmission through 
AUTODIN, In this seption, we will discuss some 
of the more important points concerning place- 
ment of elements, cutting of headers, security 
reqyiremo^/ts, etc. 



2. Erroneous inft)rmation is processed as 
rapidly as correct information, and errors are 
sometimes not as easily detected as with manua> 
systems, 

3. Exceptions to normal system program- 
ming are usually handled manually. 

Message Types 
and Formats 

The AUTODIN network will accept the fol- 
lowing three iypes of messages: 



1. Single Call 
dressee or station. 



Destined for only oFie ad- 



^p-^'Kqu ti ng I^di c ato r s 

Wfthin the AUTODIN network, a TTY tape is 
route^d by means of a routing indicator, t^outing 
ii^dicators are --combinations of not less than 
jfbur or more than seven letters. A ' routing 
indicator begins with the letter ''R" or ''Q." 
The letter ''R" indicates that the roiling indi- 
cator is part of the world-wide t^pe relay 
system. The letter "Q" indicates that the routing 
indicator is within a self contained network within 
a command or theater. 

The second letter of the routing indicator 
identifies the nation or international alliance 
to which the indicator belongs. For example, 
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the letter '*L',V when used as the second letter, 
indicates the Unite'd States. The routing indi- 
cator used to denote that the tape is part of the 
worldwide network and is destined to a station 
in the United States^ therefore, would begin 
with **RU." 

« 

The third letter , identifies the geographical- 
area, in which a particular station is located 
or from which it is served. This is "necessary, 
for relay purposes because the second letter 
may indicate a large nation within which there 
are a number of subdivisions or stations, P'or 
exanfrale, many stations in the United States 
are oesignatecl by the third letter **C," There- 
fore, the first three letters of *'IU C" would 
Indicate that the tape is part of the world- 
wide ^network, destined to a certain geographical 
area within the United States, The fourth and 
subsequent letters of a routing indicator designate 
relay and tributary stations within the tape relay 
network. Like the first three letters, the fourth 
and subsequent ones may vary, depending upon 
location, area, etc. 



Message Header 



ft> When a message tape is prepared for sub- 
mission into the AUTODIN system, there are 
certain tape cutting procedures that must be 
adhered to, otherwise the message will be 
rejected* by the ASC. The originating station 
is responsible for preparing the message for 
.submission into the AUTODIN system. The Mes- 
sage Header (format line 2) is the starting 
point for the operator preparing the message 
tape. Modes I -and III do not require format 
line. 1. On terminals in which format line 1 is 
required (Modes II, IV, and \0, the ASC validates 
these elements. The operator must remember 
when preparing the header that it must be 
Ijetter perfect. The TTY message header is a 
basic 43 position header (see figure 14-12). The 
substance of each position on the header is as 
follows: 



• Leader — To ensure acceptance and trans- 
mission of the first character of the message 
header, it is preceded by. at least six blanks 
and six letters functions with five level baudot 
code (qriost common), or at least six nulls and 
six delete functions with ASC II (eight level 
baudot code). 



• Position 1 (Precedence) — The pposign '*Z" 
(FLASH), ''O" aMMEDIATE), *-P" (PRIpRITY), 
or * (ROUTINE) is placed here, depending ' 
upon the precedence assigned to the . message.' 
Additionally, the letter "Y" is designated H&>r 
use on bertain tim3-sensitive command and 
control emergency action messages. The letter 
'Y" indicates that a message has FLASH 
preemption capsibility and is designated^ Emer- 
gency ComTiand Precedence (ECP). ECP traffic . 
will be processed ahead of all other traffic ^ 
and will interrupt lower precedence traffic al- 
ready in processing within the AUTODIN system. 
Precedence is assigned by the originator and 
must not be altered by operating personnel. 

• Positions 2 and 3 (Language and Media 
I'ormat) —The language and media format (LMF) 
consists of two alphabetical characters. Position 
2 of the header uses the character whifth indicates 
the method being used to insert the message 
into the AUTODIN system. For example, the ^ 
character *'A" is used if the device used for 
insertion is the ASC II (pi 
and the character ' " 



code. The ch » ^ 
preferM'ed ouii»iii 
the hiussage. 

• PosrtTorr~^4 ( 
authorized for u^e t.. 
fication in message 



h 




baudot code) 

:el ''audot 
s the 
see of 



.^sification) — The lettel^ 
ndicate degrees of classi- 
headers are as follows: 



A -Special Category (SPECAT) 
T — Top Secret 
S — Secret 
^ C — Confidential 

E- Unclassified EFTO 
U — Unclassified 

• Positions 5 thrqugh 8 (Content Indicator/ 
Communications Action Identifiers — These posi- 
tions of the header are a combination of four 
letters or three letters and one number which 
are used to indicate message content and provide 
identification for communications handling. A 
complete liisting of these codes is found in the 
applicable edition of JANAP 128. 

• Position 9 (Separator) At this point in 
the header, the operator is required to depress 
the space bar and insert the teletype'jjode 
equivalent for space in this position ^Dn wje 
message tape^ 
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TELETYPEWRITER HEADER FORMAT 

LEADER ^ ' ^ 



P^ECEOeNCE 



LAMGUAGE MEDM ANE) FORMAt ^ - 
CLASSIFICATION, AS APPROPRIATE 



CONTENT INDICATOR/COMMUNICATION ACTION IDENTIFIER- 
-SEPARATOR 



ORIGINATOR- 



STATION SERIAL NUMBER 



SEPARATOR 



JULIAN DATE 



TIME FILED 



CLASSIFICATION REDUNDANCY - 




START OF ROUTING SIGNAL 



ADDRESSEE 



END OF ROUTING SIGNAL^ 



Figyre 14-12. — TTY message header (format line 2). 
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X • Positions 10' through 16 (kouting Indi- 
cator) — The appropriate routing indicator of 
the originating station i^placed in these positions. 

• Positions 17 through 20 (Station Serial . 
""Number) The station serial number (SSN) qf 
the sending station is inserted .here. The SSN 
serves two specific, pu.rposes, Eirst, in combi- 
nation with the originator'^ rputing indicator-, it 
provides positive identification for each trans- 
mission. Secondly, in the End of Menage ' 
validation (EOM) discussed later in this section, 
the SSN appearing in format line 15 provides 
a means by which the ASCs can^check for the 
existence of* straggler messages. The SSN is 
expressed in four numeric characters beginning 
with 0001 and continuing consecutively tl^ough 
9999. Upon completion of each series, a new 
series begins. Operating stations may use SSNs 
to identify local activities, channels, or positions 
within a station by assigning each desired activity 
a specific block of numbers. For example, one 
station may be assigned numbers from 0001 
to 2000, the next station assigned numbers from 
2001 to 4000, etc. * ' 

• Position-21 (Separator) — This position re- 



quires the same as Position 9. 



Positions 22 through 24 (Julian Date) — 
The Julian date is t^e date on which the message 
was received from the originator for transmission 
by the communications center. The first day 

of the, calendar year is Julian 001, and each day General, TTY Rules 
Is numbered consecutively thereafter. 



the first , addressee's routing indicator. Ad- 
dressee routing indicat(?rs( are listed Immediately 
following. the start of routing signal. A maximum 
'of 500 routing indicators can be listed in these 
positions. If a^n^essage contains 501 or more 
routing indicators, thus requiring two separate 
transmissions, all routing indicators pertaining 
tc5' a given four- letter routing indicator will 
be on one transmission. 

• End of Routing Signal — The end of routing 
signal cooRlsts of a period (.) - and is inserted 
in the position immediately following the last 
addressee's routing indicator. 

• End of Message (EOM) — Consists o{ 
normal TTY ending procedure when five level 
baudot code is used (2CR, 8Lt^^4Ns, 12LTRS). 
However, for ASC II, twelve delete functions 
are us^d (12DEL). 

The - message header must be accurately 
prepared. Back spacing, Ifettering out, double 
spacing, *'5r using two- or Imore FIGURES and 
LETTERS functions in sequence will cause. the 
ASC to reject the message during attempted 
^ transmission from the originating station. It 
should also be noted thj^ the EOM validation 
appearing in format line l?and the EOM function 
in format line 16 must be prepared in un- 
interrupted sequence, letter perfect, and ^ith'oUt 
correction. ' 



• Positions 25 through 28 (Time Filed) — 
The time filed is the time (GMT) the niessage 
was received from the originator by the comr 
munications center for transmission. Each filing 
time must contain four numerical characters. 

• Positions 29 thr6ugh 33 (Classification 
Redundancy) ^ For security reasons, the classi- 
fication designator used In Position 4 is rejieated 
here. Position 29 is filled with a hyphen as a 
sentinel, and the classification designator in 
Position 4 Is repeated irv^ Positions 30. through 
33. 



When a TTY tape la cut for transmission, 
the message header should be preceded by at 
least six blanks and six liters (6BL, 6LTRS) ^ 
with five level baudot code or by .at least 
six nulls and six delete (6NULL, 6DEL) functions 
with ASC II code (eight level). This ensures ^ 
acceptance and transmisslcJnof the first character/ 
of the message header. 

When it is determined that a message nfiust 
be commercially refiled, all colon (:) symt>ols 
appearing in the message text must be converted 
to the abbreviation N'* by the originating 

station's communications personnel. 



• Position 34^. (Start >of Routing and Ad- 
dressees) — The positions reserved for routing 
are comprised of ^two sectijpns: The start of 
routing signal find the addressee routing Indi- 
cators. The start of rdutlng signal consists of 
two consecutive' hyphens and will always precede 



Messages assigned a dual precedence mil 
indicate the hlgrfer precedence in format line 
2 and both p recede n'cefe In format line 5. When 
,a dual precedence ofl ECP or FLASH and^a 
lower precedence is>Asslgned, the originating 
station must make flfeparate transmissions. One 
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-trarismission.^s^o the station seijving the ACTIOr^ 
- ^dress^(s) M«h the E CP or FLA-SH^recedence 

•in format line -2. Thfe other Is to the ^tation(s) 

serving the infoiJniat Ion /add res see (s) ' with the 
^ lower precfed^nce In foi:mat line\ 5. Only one, 

.transij^issftjn dhould be' made to a station .serving 
•^both^ action and info addreesees; i ^ ^ -i 

Bell signals are not inserted on $d^^r 
FLASH me8Sd:ge8 because* the! ASC wjli'^^erate 
bell signals automatically to Modes Il7^n '.and 
Vy tributary stations,- ''Those stations operlting 
in Modes I a«gd III will receive' a high precedence 
alarm. Mode y terminals may receive btth the 
high precedence alarm and the bell signal, 

Tr-ibutary stations njj^st erfstfre that ta' record 
is^^ made of the time of file (TOF) and the time 
available for^ellyery (TAD), These times are 
to be used wffen -message processing times are 
.determined, 

i . * ^ 

.^TTY Message Lengths ' 

" To facilitate reproduction of incoming mes- 
sages by distribution oenterB, all messages ex- 
ceeding ^ total of 20^1ine8 of heading and text 
are divitf^into paep^or transmission, beginning 
witfi formafrfUni^, The second and succeeding 
pagers ^9 identified' by the page number, the 
.routing Indicator of the station of origin, and 
the station serial number, as discuss^ in chapter 
13 (Manaal TeletypewrftQa- Procedure). For 
example: ^ ' . ' {if 

PAGE 2 RUEDABA0123 (2CR ILF) 

t^he security classification is Inserted after 
page Identification, The classification will 
ftaYe one space Inserted separating each letter 
/of the - classification on all classified messages, 
/7IifNCLAS7 will be placed in the page identifi- 
cation of unclassified messages, with no spaces 
separating the letter^. 



For example; * 

PAGE 2 RUEDABA0123' 
(2CR ILF), . 



r 



CONFTDENTIAL 



th^ text ^ following the — Dlassifie^on or 
. abbrevi^ion UNCLAS. , . . 

^ In long encrypted messages, when*a trans- 
mission section commences with a new cry^td- * 
part, the designation of the xCryptopart follows- 
the designatioXof the transmission septiQn> Also, 
when a >numerical group cpurtt 'is associated witil 
an off-line (^j;;ypted message and, Indicated, 
format line^OiJi the count must Indicate the 
number of grqw^y 4:n the .text section beftng' 
transmitted, not tl^e number in the compjbte 
message. Cryijlopart identification is Jnckided 
in the group count; the page identificatioy^and 
transmission section are not. r ' 

Statistical and -^meteorological messages *are 
permitted one hundred (100) lines of text without 
paging whenever the inclusiorj^c^f paging *lit^ 
formation* would disrupt processing by the user. 
However, J^sfe types of messages -^hould be 
divided Intc^ransmission section8^ if they exceed 
100 lines of text, 

-Trknsmission ' ^ 

Identification (TI) ^ " « 

As a» means of maintaining traffic continuity, 
TTY terminals (Mod^s II, IV, and V) will prefix ^ 
each^ message header With a message trans- ■ 
mission identification (TI). The transmission 
identification is constructed without spaces and 
must be aqcuratefy prepared without corrections. 
For example, a correctly prepared^ TI might 
appear as follows: i, 

VZCZCJTA (FIGS)- 123 (LTRS) (2CR ILF) 



The elements 
are as follows: 



*of the TI and their meanings 



1. 

2, 

3, 
4, 
5, 



V — Ensures that the first character of 
intelligence Is not lost or garbled,\ . 
ZCZC-r- Indicates the start of the 
message. 

JTA — Station/channel designator let^rs 
One FLOS shift, 

123— Three-digit number indicating the 
sequential number. of transmissions, 
LTR s1)tft, two carriage returns, ^nd one 
line feed. , 



N^enever a TTY message exceeds five textual 

pages, the' ^essage tfext is divided into trans- The station/channel designators will vary for 

mission sections ^t a convenient point for doing each channel and. Is >detei^ined by the status of 

f« inf!^ J? v!" the number ,the originating station. For example. If a minor 

18 Inserted in ^airi language at the beginning of relay or tributary station originates a TI to a 
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major relay. station, the fifst^wgchaeacterfecon- 
ffeist of the fifth and sixth lett^^bf the station 
routing ihcficatoj. The third character identifies 
the, specific channed, Chanriel designators cbrh- 
Nnience with the Uflttpr, A, progressing ^J^ha- 
betically, and are^^Wsigned to all confi^cted 
( channels. For exapf)Jfe>4 tributary stationwving 
touting indicator "RIwTABA will use the desig- 
nator ABA for the fj^rst outgoing oharyiel and 
ABB, 'ABC, etc;, for each additioxi£it outgoing^' 
channel, ' ' ^ 

Security Warning * . ' 

The security warning is provide as the first 
component of format line 4, The appropriate 
operating signal (ZNR or ZNY) is used, fol- 
lowed by a classification character repeated 
five times. The operating signal and classi- 
fication characters are as follows: 



1. .ZNR *^ UUUti,U^ For of^ine encrypted 
rbessages and classified messajges that a^ trans- 
muted in the clear. 



2. ZNY EEEEt — For unclassified EFTO 
messages, 

3. ZNY, followed by CCCCC, SSSSS, or 
TTTTX— For 'Confidential, Secret, or TopSecret 
(nessages,, ^ * 

4: ^Y AAAAA — For Special Category . 
(SPECAT) messages, - 

Misrouted Arid y a, 

Missent Messages 

A misr6uted message is one which contains 
an incorrect routing instruction. This normally 
occurs when the originating commi^nications cen- 
ter- assigns incorrect rout4j:ig indicators during 
message header preparation. Misrouted mes- 
sages are usually not discov^ed unttf they 
reach the communications center of thfe called 
• routing indicator, A tributary station inXreceipt 
of a mlsrouteji message should take the following 
actions: ^ . 

1, Obtaining ■ the correct routing indicator, 
if possible, ^ 1 

2, . Applying a heade'r change to themisrouted 
message and retransmitting to the cor r^t routing 
indicator. ' ^ - I ^ 

3, Originating ^'a service message^ to the 
originating station advising of the rerome action 
and correct routin^indipator. 



^ A mi^ent -message is one th^it containsr a 
correct routing indicator b^it is transm^Vted ta 
a station other . than^ the| one ^represented fcKy the \ 
routing ^dipator,''N^issent m'essages may be j 
-caused by an^ equipment malfunction, ^incorrect j 
switching, or opeipator error, A tributary station / 
in^receipt of a missent mesj^agfe should4ake the^ 
. following actions:, . ^y<. 'i^ / • 

J 1, Reintroducing the message into the AUTO- 
DIN system as. a' suspected duplicate (SUSD^PE) 
after applying a header change, \ ' ' , ^ 

2, Forwai*ding a routing service me'ssage to ' j 
the connected ASC citing the complete header,^ / 
time of receipt,' and advising that the message ^ 
has been protected, * 

Suspected, Duplicates . " ^ 

Whe'n"^ a station has cau^ to suspect that a 
message /nay have been previously transmitted 
but definite proof of priqx^ -transmission cannot 
be readily determined, the message shoula be 
forwarded as a suspected duplicate by applying 
a header change. However, if a akation receives ' 
a message that is already marked as a' suspected 
duplicate^ the station should file the message, if 
it was previously received and -delivered fo 
the addressee. If the^e is no indication that the 
message was previously received and delivered, 
the message shou^l^^br warded, ^ 

Statiops recei^Kg/unniarked duplicate trans- 
missions should immediately forward a routine ^ 
service message^to tagjc^iginating station, citing 
the complete header fotmat of th^fe duf)licated 
message including the time of receipt rof .the 
original and duplicate transmissions. If the initial 
copy was delivered to the addressee, the statiop 
should file the message. 

Upon receipt of service messages that concern 
duplicates, the originating station should ''take 
the following^^tions: 

1, Check transmission recordsxo determine 
the validity-oTuieMuplication r^eport, 

2, Ensurp in-station procedures are adequate 
to ^;uide operating personnel in the retransm: ssioov 
of-m^.ssages that are suspected d^licates,^ ' 

3, JHave maintenance personnel accomplish 
equipment checks if equipment . malfunckon is ' 
suspected to be the cause of duplication, 

4, Advise the connected ASC via routine 
-service, message^ if* only one transmission can 

be accounted for, ; » 
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An ASC receiving notification o*f duplicate 
transmission ^s)iouid search its / records to 
determine if the message' was Received in 
duplicate. If the me^^age w.as not received in 
duplicate, it r^ast betracedonastationxto-station 
basi^ to dytei^fnihe the point of' duplicatiort^ 

AUJODIN DATA \ 
' PATTERN MESSAGES 



i 



transmission^ 



The^ 



i$ designed to provj^de 

fh a means for r 
§^agg discrepancies. 



ni^ssage cor ration notjce 



o r- — J., .ecojpmunications facility 

'ixh a means for notityin^ driginato^acTof 'mes^ 



Data pattern messages consist of, either 80- 
, character record *)locks (card (Tnessagea) or 
* Images of the 8£)-character record blocks (mag- 
netic tapjp-mes sages). The normal data pattern 
messlge consists of format lines 2, 12, and 16 
(header, text,^*and EOT). Data pattern messages 
transmitted message switching facilities are 
limited \i6 pOQ catds. Additional c^rds afe.used 
as pilots' whi(CK are accepted as exc4>tlons 
to the m.a^cimam message length and will be 
accepted by the ASCs. Normally, messages con- 
taining more than 500 card^ should be transmitted Originate^ 
as two or more transmfSsion sections and each Data Traffic 
section^ assigned a separate "station serial numt)er. 
The nifessage J^ader (format line' 2) must be 
accur^ely ^i^epT^ed. If the header is inaccurate, 
the m^sageSyill be rejected ^by the ASC. - 

The two forms that are most used' in the 
AUTODIN data pattern system are the Data 
; Message Form (jPD Forri)^ 1392) shjjWn in figure 
14-13, and the Message Correction Notice (DD 
Form 1503) sh^wn In figure. 14-14. The data or^ 
messaged form, is designed to pcovide originators tiTn^ 
With Irtformation to prepare header card^ for 30 



Data Pattern LMF • 

Eafiie^, we ca\?ered the preparation of mes- 
'feages for TTY cbmiTlimications. We notej^ the' 
use of -language and m,edia formaMfLMF) .desig- 
nators ihp the] message headfer. In data'^pattern ^ 
messageMorniat, the most comtnor^LMI" de'sig-v4 
najtor ISj^CC (card to card). Hpwevfet, the fol- 
lowing LIVlFs are available for use in data 
pattern message format: 



CT'^ (card to tape), CA (card to^ ASC II), 'dc 
(Tape to card), and^"!AC (ASC II to card),, For 
example, notice that' the LMF in figure 14-13 
is CC (card to card). 



. , Message originators having automatic ea- ^ 
pabllltles may deliver data pattern messages with \^ 
prepared ^communication header text, including * 
complete text -header information (format line 
12), and EOT formats (form^at lihe 16) containing 
all the necessary information. 
' } . 

Station serial numbers (SSN) may ba assigned 
a preallocatea. basis. The Julian date and 
e entered in format line 2 should be within* 
30 minutes of the actual time ^hatnhe message 
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^NCC CDC NCC 



PRIORITY 



AOONCStC(/Cu«r T»m 

NAVAL SUPPLY CENTER, O AKLAnB, CALIFORNIA 

COfJT.tNT JND 



CLASSIFICATION 



CC ^-^CLASSIPIED 



ORIGINATOR'S IDtNTIFlCATlONf«fi, 

COUSASTRATCOM 



DDBB 



RCCCASINC OFFICCRIS SIGNATURC 



V. 



JOHN J. COE, LTC, GS SCC-PO-TCCB 
R022/271Q 



CARo COUNT a 

i*5 



OFF1CC SYMBOL * 
(XT. 



Pertains to gell and family transportation 



0«1GtNATOWS ROUTlN(VjNpiCATOR 

7IAV 



rOk COHItLSICATIOIH CtNTiJt L5£ dLY 



RUCOHUA X 



TOTAL CARD COUNT 

hi 
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O^CRATbn S SIGNATURE 



STATKM SCRIAL NUMBCR 

3792 



ADDRCSSCC ROUTING INDICATOR 

RUWMFKA 



TIMC TRANSMITTCO 

3331616 



OAT(.-tftMCfri«f fxifdl 

, 1^91610 • 

SU^UMSORY SiGNAr0RC 



f^CLASSIPIED 



Figure 14 
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MESSAC.E CORRECTION NOTIC^ 

(JANAP I3S) ■ 



Commancjlng General ' ' 
U^S.^vJVnny^-^l^ratfegl^ Communications Command 
ATTN: ^er-PO-TCCB 

Ft? l^Machuga. Arlfena 85613 ^ ' 



■ ■ ■ ■ TT T ■ ■ ■ TI ■ = ^ , ~ ^ ^ ^ 

THE ATTACHED M^CSSAQE MAs'bCE^ TRAnSMItJ^EO. HOWEVER YOUR 
ATTENTION IS INVl^EO TO THE OrSCREPf,NC>i^$ INDICATED BELOW, 



FROM, Officer iQ, Charge' 

Data Message Cent,er^ ' USAG 
^t, Huachuc-a, Arlzc^ina 856x3 1 



THE ATTACHED MESSAGE CANNOT BE TRANSMITTED tINTiL Tm^,DiSCREP 
ANCIES NOTEO BElOW^H^>^E BEEN CORR&CTEO ' ^ 



• — " ^ ~ J J 

IMP MOP tM BrAciNO fitsfrf f«ie«il«n; tN 



OMI T TB£>^ H NOT V • L it) 



*«CO«D CDunT ovKM 



mK • T « TION 



aoom 01 k c 



mcoMO cou 



r OF MQuTiNa iisnal incom**kci 



• nOiC a T«o 



KNO O' MQUTINt} arflNAL OMITTKDiOW INCOM^KCT 



bN^'ENr it^OiCAfoW COOK INCOW«lCT o« nqt 

A 1.1 O \ 



tOT HtCO^D OMlTTlD 



3 Ai a>N A TO 



n houtino inoic^^^t^o^ iNCO««tcT 



T CM M 1 aOI « 



,10 »uncmH o« C00«I 



■ KM OUF>l.lCATKC) 



nOM J^WIAL '♦UMBIW li^tCOWRICT 



NCOMWCCT KNO'O FMK** A a K FUNCTION 



,10 Aoonettic nouTiNo rfiOic A ToR<»j 



( oati iNcownecT 



«nG of t h 
INCO Mn^C T 



Data Me3sageform gives card count as 173; actual card count Is I76, 



X 



MKtt A 0 ■ 

(KA TCH) 



OMlQINATlNa MOUTlNa InOICA 



[ C ON T 



RUCGHtlA 



DDBB 



^011 



1^91610 
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is delivered to the communications facility. If 
messages are not received by the con^unications 
facility within the prescribed 30 minutes, they 
should be corrected by the communications center 
personnel, and the originator should be advised 
via the Message Correction Notice (DD Form 
1503), shown in figure 14-14. 

Originating stations may identify local 
activities, channels, or positions within a station 
by assigning blocks of SSNs to the activities 
concerned. Blocks of SSNs mus| contain sufficient 
numbers to preclude the reu^ within one week 
of normal message .activity. SSNs assigned in 
blocks should be assigned consecutively.. When 
the entire block has teen used, the numbers 
should be repeatep beginning with* the ^first SSN 
of the block. ■ ^ 



I^^reparation of Data ^ ; - 

Pattern Headers 

Because ASC functions depend on the correct 
sequence of characters and elements comprising 
the header and EOT format, the accurate 
preparation of these characters and elenients 
is mandatory. 

The following is a discussion of proper 
header format which is shown in figure' 14-15: 



• Position 1 (precedence) 
prosigns are used in Position 1: 

Z — FLASH 
O - IMMEDIATE 
PRIORITY ' 
R - ROUTINE 



The following 
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DAfX P.ATTERN HEADER FORMAT/ 
PRECEDENCE X . ^ ^ . 
J.ANGUAGE AND MEDIA FORMAT 
CLASSIFICATION AS APPROPfnATE 

CONTENT INDICATOR/ COMMUNICATION ACTlON IDENTIFIER- 
SEPARATOR--- ; ■ ' 



ORIGINATOR- 




STATION XErVal NUMBER 

S3? 




SEPARATOR 

RECORD COUNT 



CLASSIFICATION REDUNDANCY- 



START-OF-ROUTING SIGNAL 



ADDRESSEE 




END-OF-ROUt)nG SIGNAL^ , 



POSITIONS UNUSED IN HEADER ARE FILLED WITH f 
SEPARATORS (SPACE) ~ 1 : 









Cn 




o\ 




NJ 




00 




;3 


1 

1 


20 21 




K) 
N> 




K3 
U> 








cn 










1 
1 


28 29 








31 32 




33 34 


C 


U) 

cn 


c 


U) 

o« 


c 


U) 


c 

|: 


38 39 40 






. c 




X 


CO 






> ■ 


Cn 


> 


S: 


> 


47 48 49-80 



Figure 14-15. — Data pattern message header. 
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NOTE-: The flash preemption capability, desig- 
nated ECP, of the AUTODIN system Is not 
applicable to data pattern messages. 

^ • Positions 2 and 3 (Language and Media 
Format) — Two alphabetical characters that can 
be derived from the currentedltlonof JANAP 128. 

• Position 4 (Classification) — The following 
is a list of authorized classification indicators: 



A ~ Special Category' (SPECAT) 
T — Top Secrete- 
s—Secret l» 
C — Confidential 
. R — Restricted (not authorized for U.S. use) 
E — Unclassified E FTO 
U — Unclassified 

• • Positiohs 5 through 8 (Content Indicator/ 
Communication Action Identifier) ~ Consists of 
four alphabetical^ characters or thcee alpha- 
betical characters and one numerical character. 
The auth6rized comWnatlons are found fn the 
current edition of JANAP 128. 

• Position . 9 (SjSparator) — a' space is left 
in this position,^ - " 

• Positions 10 through 16 (Originator)— The 
appropriate routing indicator of the originating 
station is placed in these positions. This field 
must contain seven characters. 

• Positions 17 through 20 (SSN) — SSNs pro- 
vide positive identification of the message as well 
as provide a means for ASCs to check for 
stragglers. SSNs are expressed in four numeric 
•characters beginning with 0001 and continuing 
consecutively throu^ 9999. Upon completion of 
each series of 9999 numbers, a new series 
begins. 

y m Position 21 (Separator) — A spkce is left 
in this position. 

• Positions 22 through 24 (Date) — Julian 
date, beginnihg with 001, is placed in these 
three positions. , ^ 

• Positions 25 through '2S^ (Time Filed) — 
Four numerical characters indicating the GMT 
that the message was received from the originator 
by the communications center. 



• Position 29 (Separator) —A space is left 
in this position. ^ - , 

• Positions 30 through 33 (Record Count) — 
.The record count is the total number of 80- 
character records in the data message, Including 
headef and EOT records. 

• Positions 34 through 38 (Classification 
Redundancy) — Position 34 is filled with a hjrphen 
as a sentinel, and the classification designator 
used in Position 4 is repeated in Positions 35 
through" 38. ' 

• Positions 39 through 80, as required- 
the positions reserved for routing are confi- 
prlsed^ -of two sections: The start «f routing 
signal and the addressee Touting nidicators. 

• Start of routing signal — The start of 
routing signal consists of two consecutive hyphens 
and will always precede the first addressee's 
routing indicator. Addressee routing indicators 
are listed immediately following the start of 
routing signal. A maximum* of 500. routing indi- 
cators can be listed in these positions. If a 
message contains 501 or more routing indicators, 
thus requiring two separate transmissions, all 
routing indicators pertaining to a given four-letter 
routing indicator Will be on one transmission. The 
first addressee station is identified beginning in 
Position 41; additional addresse66 are contained 
in subsequent positions, separated by ^ fepace. 

\ « End of Routing Signal — The end of routing 
signal consists of a period (.) and is inserted 
in the position Immediately following the last 
addressee's routing indicator. Unused portions in 
the data pattern, header are filled with spaces, 

• End of Transmission (EOT) Fornlat — 
The final record of a data pattern message is 
used to Identify the originating station and other 
associated transmission Information to the ad- 
dressee after the header (format line 2) is/ 
stripped ir(jtm the message by the communications 
facility. The EOT is an 80-posltion record. The 
EOT consists of a repeat of all Reader information 
starting M^th the precedence, 4ncluarng all inter- 
vening elepentsi and ending with the character 
before the start of routing signal. The appropriate 
end of transmission (EOT) signals are as follows: 

1. In a multiple record transmission (three 
or more cards), the EOT consists of the letter 
N repeated four times, (see figure 14-16) in 
positions 77 through 80 of the EOT record. 
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Precedence — - 

Language and Media Format , 

Classification, as appropriate - -r 

Content Indicator/Communication Action 
^Identifier ^ 

Separator i 



Originator 



Station Serial Number 
Separator — 



Julian Date 




Classification Redundancy 

( 



Separators 

End-of -Transmission Signal 



• St: 



Figure 14-16. — EOT record format. 
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2. The EOT usied in a single- record message 
is a single letter N appearing in the 80th position 
of the card. 

Data Message ^ 
Retention ' , 

Each data pattern message (including complete- 
header and te>d) is maintained intact for a period 
of at least 10 days. When storage space or other 
operating considerations, preclude compliance 
with the 10 day retention period, exceptions are 
granted on an individual basis in accottlance 
with the rules set forth, in the current edition 
of JANAP 128. 

After the mandatory retention period, the 
header and text may be separated. The ^xt 
may be destroyed or diverted to other uses 
as dictated by locjteolicy. The header is retainil||l 
for a period oMpt less than 30 days as a 
communications record. Header and text in- 
formation will be retained beyond the specified 
retention periods for the completion of tracer or 
other investigatii^^e actions. 

Message Batching 

Message batching» or commingling, is defined 
as the storing of ^ a number of data pattern 
messages destined for one geographical location 
and the forwarding of these messes as one 
transmission, with one header card and one EOT 
card« Message batbhing may be used as a method 
of Increasing operating efficiency and avoiding 
retransmission of large groups^ of cards, oi* 
re<x>rds, in acc<|rdance with the "following pro- 
visions: 

1. The messages are addressed to address- 
ees ^o by prearrangement have agreed to 
accept responsibility for separating and/or ciis- 
trlbuting the records to the activities of primary 
Interest. 

2. The batched messages are assigned only 
one classification equal to that of the highest 
classified material included. 

3. No more than 500 cards or records are 
included in each transmission section. 

4. A single , general purpose content indicator 
code (CIC) ie assigned that will accommodate 
the general subject matter of the batched trans- 
mission. 



Received Data Traffic 

Upon receiving data pattern traffic, comjiumi- 
cations personnel endorse the header card to 
indicate the time of receipt (TOR). TOR is 
defined as the time of , receipt of the EOT 
Wcord. Those terminals that are automated and 
receive printed Journal entries indicating TOR 
of the message are exempt from this requirer 
ment. After endorsing the card with the TOR, 
the message . record count should be verified. 
If the record count is inco^ect, a retransmission 
should be requested from the originating station. 
Those messages bearing incorrect card counts 
are forwarded to the addressee ** subject to 
correction", and the a!ddressee advised of the 
discrepancy. Lastly, the header card is removed 
and filed jis a communications record for a period 
of at least 30 days. Complete filing and record 
information is found, in the current edition of 
JANAP 128. 



MAGNETIC TAPE . 
MESSAGES 

Magnetic tape is one of the^ principal media 
used in Electronic Data Processing Equipments 
(EDPE), Magnetic T&pe Terminal Stations ^MTTS) 
in the AUTODIN provide for rapid exchange of 
large volumes of data in a relatively short period 
of time. Terminals in CONUS, which have com- 
patible equipment and circuit speeds and are 
connected to the same ASC, may communicate 
directly via HARPS (Hybrid AUTODIN Red Patch 
Service). HARPS provides a direct, subscriber 
to subscriber, encrypted circuit. It uses the 
same circuit and equipment nor^ially used in the 
message switching component of -the network. 
Generally,^ the operating speed under a HARPS 
configuration Is 400 cpm (cards per minute) 
while normal message switching operating speed 
may be (200 or 100 cpm.,;arho8e not serviced via 
HARPS communicate via normal message switch- 
ing which automatically performs the necessary 
speed, format, and code conversions. The basic 
mode of MTTS operation with other AUTODIN 
tributary stations is either full duplex or store 
and forward. 

Operating Rules 

All received tape reels must be periodically 
dismounted and made available for delivery as 
scheduled by the receiving activity and system 
manager. A magnetic tape reel accepted by the 
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communications facility for transmission Is 
screened and arranged for transmission according 
to majority message precedence levels contained 
on the reer. Establishment of transmission sched- 
ules Is the responsibility of the commands con- 
cerned and prior coordination must be effected to 
provide for efficient use of the equipment and cir- 
cuit time. Schedules are limited to30 mlnutesper 
period. Most facilities establish their own proced- 
ures for maintaining reel accountability and en- 
suring that message transmission has l^een 
effected. Message header and EOT printouts are 
furnished by the message originator with each reel 
of tape to be transmitted. If a message cannot be 
transmitted, the MTTS operator returns the reel 
to the originator, Identifying the message (or mes- 
sages) that could not be sent and giving the reason 

•for the nontransmission, if known. Terminal 
equipment should not 'be used to change message 
medja format for customer convenience — for, 

example, changing from magnetic tape to card' 
or narrative records. 

Operating Pi'ecautions 

' Communications station master records, such 
as history tapes and journal records, will remain 
within the communications facility until destroyed. 
History tapes will be appropriately labeled to 
preclude the possibility of their being in- 
advertently delivered to addressees along with 
live traffic tapes. 

' , Recorded information is very close tothe edge 
of tbe tape. Tape edge indentations caused by 
careless tape handling will seriously affect the 
accuracy of magnetic tape recordings. It should 
also be noted that tape splices are not permitted 
in reels of tape used for traffic. 



Message Formats 

Message formats used within the AUTODIN 
require that each message contain a rtiessage 
heading, text, and EOT record. The text material 
on magnetic tapes may consist of d wide variety 
of information recorded in either structured or 
nonstructured formats depending upon the type 
of associated EDPE system. .EOT is either 
a Single N or four consecutive Ns as has already 
been discussed. The header, text, and EOT 
cards of magnetic tape riiessages are always 
transmitted in the AUTODIN common langjaage 
code (ASC II). This is accomplished by automatic 
code conversion logic provided in the magnetic 
tape terminal. ^ 

312 



Tl^e text of magnetic tape messages may 
be prepared by the EDPE system iriSO-character" 
data card Images, series record' images, or 
variable length record Images. The length of 
data records to be transmitted . via AUTODIN- 
may vary according to user requirements. For 
general transmission of data throughout the 
system, computerised terminals must have the 
capability of transmitting records containing a 
minimuni of 18 characters and a maximum of 
1200 characters. Those subscribers desiring to' 
transmit messages containing record lengtB^ of - 
less than 18 or more than 1200 eharftterg 
must ensure that the addressee is capable^ of 
receiving such records prior to transmission. 
Typical line formats of magnetic tape messa^ 
records are described in the current edition 
of JANAP 128. 

Magnetic tap^ messages prepared for trans- 
mission are limited to a maximum of 40,000 
characters (500 80-character data records) which 
include the header, textrand EOT records. The 
preparation of magnetic tape messages, formats, 
routing, contents, and sequence on tape "is the 
responsibility of the message originator. r,^^ 

Message and Tape 

Reel Accountability , 

Each reel of tape presented to the MTTS - 
opera^tor for transmission will bear a tape 
label containing the following information: * 

1. Jleel number. 

'2. Number of messages recorded on tape. 

3. Highest precedence used. 

4. Highest security classification. 

5. Date and time filed. 

6. Tape density. . 

7. LMF used. 

8. Beginning and ending SSNs. 

9. Time delivered to MTTS operator. 

Each blank reel of tap0 furnished the MTTS 
operator for mounting on the receive tape trans- 
port should be^r a tape label on which the fol- 
lowing Information^ should be recorded In the 
sequence of handling: 

1. A statement that the reel Is blank. 

2. Reel number. 

3. Highest classification ever recorded. 

4. Time the reel Is mounted on the receive ^ 
transport. 

5. Time the reel Is removed from the 
receive transport. 
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6. 
7. 



Time the reel is delivered to the ad- 
dressee. 

Numt)er of messages on the reel, type of 
messages, etc., if known. 



All originated tape reels should be retained 
for n3t less than 10 days. The originated tape 
re^l 'must be avallajble to furnish retransmission 
or renubmisslpn of service requests. The header 
^xy^ EOT prlntoujis furnished the MTTS operator 
for b(>th originsOed and terminated traffic should 
be maintained as a station communications record 
for not less than 30 days. Other logs recommended 
for M^TS operation are the Master Station 
Log aid the Reel Delivery Log. 
* , ' ■ 

The Master Station Log reflects the current 
ojieration status of the terminal equipments 
and circuits and should also reflect equipment/ 
qircuit outages, their causes, and the corrective 
ictionS. initiated. ' ^ 

The fteel Delivery Lpg should indicate the 
reel number and the time' delivered to the 
transmitting operator or the addressee. 

aut6din security 

Required security protection should be af- 
forded all classified traffic transmitted through 
the AUTODIN. As each nri,essage\li^ transmittfed 
by the originating station, the AS€^aytomatlcally' 
checks and compares the security classification 
stated in the ^header of - the megiage against 
the authorized security level of the lifcoming, 
circuit. Transmission of a message Mth higher 
security level than authbrlzed will rei^lt in 
the message being rejected, by the ASC.-fn 
additionj- an automatic system-generated service 
will be transmitted by the ASC to the routing 
indicator contained in the originating station 
routing indicator field of the Incorping message. 
The service will advise the originating station 
of the possible security compromise. Also, the 
ASC automatically checks and compares the 
sectlrlty classification contained in the header 
of each messkge against the security classifi- 
cation of each destination. A security mismatch 
will occur for each destination that does not 
possess the necessary security level, and the 
ASC takes the following action: 

1. In a single-address message, the ASC 
rejects the message; alarms will appear^ at the 
originating terminal indicating that the message 
needs retransmission. 



. 2. Jn a multiple-address message with at 
lea^t one deliverable destination, the ASCf.cc0pts ' 
the message and delivers it to all valid 
destinations. For invalid routliig Indicators, an 
automatically generated service is transmitted 
to the originating routing indicator advising that 
the message needs retransmission; • 

In-statlon operating procedures should be 
carefully composed and rigidly enforced to pre- 
clude Inadvertent transmission of classified mes- 
sages to stations or agencies not connected by 
properly secured circuitp or not- approved for 
the security classifications and any special 
category or special handling designations of the 
message involved. Complete security precai^lons 
and operating rules *are contained in the current 
edition of JANAP 128. • ^ 



7 AUTOVON 

The Defense Communications System (DCS) 
Automatic Voice Network (AUTOVON) is a direct 
interconnected network between most military 
and other Government Instaljatlons. The network 
Includes activities in the continental United States 
and many overseas areas. AUTOVON phone calls 
may be made either by direct dialing or throu^ 
a local operator, depending on what type of 
service is available. Once an installation is com- 
pleted in the AUTOVON system, it is referred 
to ^ "switch?*. AH switches are Interconnected, 
making, the AUTOVON comparable to a com- 
mercial telepfione exchange system. Although 
nprmally utilized for voice communications, 
future plans for AUTOVON Include the capability 
of switching every type of inforr^ation transfer, 
including teletype and data. 

TERM DEFINITIONS 

The following is a discussion of commonly 
used terms and their defit^ltlons that are. helpful 
toward becoming conversant in AUTOVON 
operatlom . 

-4. AUTOVON Subscriber^ An individual or 
installation having direct access to an AUTOVON 
switch. 

V 

2. AUTOVON User— An Individual or in- 
stallation having indirect access into the AUTO- 
VON network by dialing a designated access code 
or by placing a call through a local private 
branch exchange^(PBX). 
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9. AUTOVON Access. Line — A clrcult|Con- 
nectlng an AUTOVON subscriber phone directly 
Into an AUTOVON switch. 

4. Conference Cal) — A. call with two or 
\niDre access lines connected. 

5. Console^ A control device connected 
an ^UTOVON switch control^jtfg^ther access 

nes and phones In a local area. An example 
oft this would be a console unit In a local com- 
mknd post, switching calls to and from several 
dei\k phones. , r . 

Diverse touting — M§re than one access 
llne\ serving the same Installation but routed 
overVeogxaph^cally separate circuits. 

7\ Tual 'Homing — Connedtjng an AUTOVON, 
tern\ln)al to be served by either of two switching 
center^ utilizing a single AUTOVON directory 
4>hone number. 

8. mial-Use Access Line — An access line 
that Is normally deslgnatecV for voice communi- 
cations use but Is specially configured for^gital 
transmlss^n, If rieeded. 

>9. Ma^^imum Calling Area — Geographical 
calling llmit^ Imposed on a certain AUTOVON 
line. - 

10. Off-Hoiik Service — Automatic connection 
between sutfscrtbers when a handset is lifted. 
This service is\normally limited to command 
and "control or otjerational functions requiring 
rapid connection. \^ 

11 . Off- Net Calling — Official ^long.distanpe 
MTJTOyON calla beingXinterfaced to or from local 

commercial phones. \ 

\ 

12. Preemption — The act of one subscriber 
completing' an ACtOVON call by seizing tele- 
communications before or in preference to other 
subscribers' calls. An example of this would be 
an IMMEDIATE precedence call preempting a 
ROUTINE call that is . already in progress. 

13. Pre-Set Conference — A feature available 
to a group of AUTOVON users all wishing to 
confer together. This is accomplished by all 
the conference users dialing a prescribed AUTO- 
VON number. 

14. Random Conference — A conference call 
established among AUTOVON users on a case- 
by-case basis by requesting connection through 
an AUTOVON assistance operator. 



CLASSES OF 
TELEPHONE SERVICE 



Discussed below are the four classes of 
telephone service available on. board military 
installations: 

1. Class A (Official)— This se^^vice is avail- 
able for tranf action of official Government 
business on Department of Defense (DOD) or 
mUitary Installations and requires access to 
coinmercial telephone company trunks in order 
to properly conduct official business. . 

2. Class- B (Unofficial) — Thisl service is 
installed on or near a military PBXoV CENTREX 
System ahd 16 authorized for persmal or un- 
official business. This telephone s*Vice must 
have acces§ to commercial telephorib company 
trunks. 

^ • ^ . • . 

3. Class C (Official Restricted) —This serv- 
ice is essentially the same as Class A»service, 
ex<5ept that it does jiot have access to commercial 
telephone company trunks.^ 

4. Cpass t) (Official-Specfal) — This is a tele- 
phone service installed on military installations 
for official business of the Government ^nd is 
restricted to special classes of use, such as 
fire alarm, crash alarm, or security. 

NOTE: Class A users may initiate outgoing phone 
calls for conducting official business in the 
AUTOVON networl^ Class B, C, and D tele- 
phones may not be used to initiate AUTOVON 
calls. Incoming calls may be connected 'to Class 
A and C tjelephones or extended, depending on 
the configuration and needs of the parent activity. 

PRECEDENCE ' 
OF CALLS 

All authorized users of voice communications 
faciimes within the Department of Defense are 
directed to conform to standards of the Joint 
Uniform Telephone Communications Precedence 
System, The effectiveness of . this system de- 
pends on the proper utilizationpf the precedence 
system b/the user. Each user should be familiar 
with tlve' system and the types- of calls assigned 
^ach precedence. The user should exercise 
caution to ensure that his/her call is not assigned 
a precedence higher than the circumstance or 
information involved. The precedences and their 
applications listed below are for joint use and 
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are listed in thdlr relative order of priority 
in handling. " 

1. Flash — Reserved generally for calls per- 
taining to: 

a, command and control of military 
forces essential to defense and retaliation. 

b. critical intelligence* concerning na- 
tional survival. ' { ■ 

■ , c. conduct of diplomatic negotiations 
critical towal'd limiting or stopping hostilities. 

^ d. civil alert information essential to 

liational survival (large scale attack). ^ ; 

^ e. continuity of Federal Government 

fiinctions essential to national survival. 
■ f. critical internal security functions of 

thp United States. ' ' ^'"^ 

i g. national or international catastro- 
phes. ♦ 

2. Immfedlate — Reserved generally for calls 
pertaining to: 



TYPES OF SERVICE ' 

Within AUTOVON various types of ser^^e 
will provide for -the needs of network users. ' 

Gene raLPwrpose 

Sub^crfbers / * 

Vormal AUTOVON service provides a cap- 
ability for subscribers to call other subscribers 
on. a worldwide \ basis for day-to-day low 
precedence communications. Depending on t'he 
type of service provided in each locality, this 
service may 'be accomplished by either direct 
dialing or through a local operator. 

-Besides general .purpose AUTOVON service 
provided through' a local PBX, certain selected 
subscribers are authorized direct four-wire 
access to the general purpose network throu^ 
pushbutton four-wire telephone set6 (figure 14-17) 
installed in their offices. These subscribers 
may employ any level bf precedence desired up 
to and including the highest level authorized for 
that unit. 



a. situations which gravely affect the 
national security of the United States. 

b. ' regrouping of forces in a postr^tack 

period. 

c. intelligence rfeports concernefJ with 
national security. 

d. diplomatic "negotiations toward re- 
ducing or llnrvlting the threat p| war. 

iniplementation bf. Federal Govern- 
ment actions essential to national survival. 
^ f. ^ityations* gravely affecting the in- 
ternal security of the United States. 

g. 'civil defense actions concerning the 
population and their survival. 

' h*. seriouf disasters having an imme- 
diate effect on the welfare of the population. 

i. vHal information concerning aircraft, 
spacecraft, o^-missile operations. 

.3. Priority Reserved generally for tele-^ 
phone calV^ requiriilg expeditious action by called 
parties and/or furnishing essential infoJ-mation 
for the conduct of Government operations. 

4. Routine — Applies ' to those- official Gov- 
ernment communications which require rapid 
transmission but do not require preferential 
handling. These routine calls will be handled 
in an expeditious manner and in the order 
placed. 



Special Networks 

Special networks Ifcay be provided within the 
AUTOVON. They may Vfford/ privacy of service * 
within a specified community of interest by 
denying all such network subscribers access^ i 
any of the general purpose subscribers of the 
AUTpVON; or, selected subscribers of the special 
network may be granted access to the general 
purpose network. The trunks used to interconnect 
special network subscribers to each other usually 
are general purpose trunks and so are subject 
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Figure 14-17. — AE-.023^ur-wire subset. 
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to the normal operation of the multilevel Pi^e^- 
edence preemption system. g 

Qff^Hook Service ' 

Certain command, coptrol, an^ ^th^^ 
op^i^atlonal requlrem3nts are jnet by .proVl^jc^O^ 
Of, automatic off-hook service. The equipmej^t ffi 
so /arranged that, when the 'telephone instrui^efit 
Is/rilfted off its. cradle (off-ljook), tb© ciV^ui^ 
W Immediately^ connected to a pred^si^^|;^d 
-^^lephone Instrument at the distant in^^^ll^tioii. 
^ These Instruments cannot be utilized for 
other purpose, itnd only the preset Instrum^t(^) 
will be activated.' This service Is HJ^w^ 
command and .control and operational 4uriWori^ 
requiring rapid conneqtlon. . ^ 

Special Grade Service \ ' 

Certain users, such. as data and facsi^^iie 
stations, wfll have access to sijeclally conditlOt^^ 
trunks hvhfch. provide the required tran^niis^ic^n 
capability; These users are collectively c^\ie^ 
al grade users/subs(Jrlbers, and tti^ trijijc^ 
other facilities are sfmf.larly describe^ 
sclal grade trunks and/or facilities. 



am 



GENERAL USER 
INFORMATION 

There is some^ essential Information o^jj^- 
cerning AUTOVON that every operator or V^e^" 
should become familiar with prior to coJ^pl^tiug 
a call via AUTOVON.- . Local .^omman^* P^lic)^ 
will normally be to assure that AUT<^VC>^r le 
used only for the .most essential official o^\i0. 
Personal or unofficial calfe must not be initMte«^ 
into the AUTOVON network at any tlm^. 

Security, ✓ 

Telephone circuits, particularly tho^^ routed 
via high fi-equency (HF) and mjcroW^^e, ^^e 
susceptible to monitoring and Interc^tlon. I^H^ 
AUTOVON lSJ^not secure, and operators a^^dus^j.^ 
are remind^^ that earje must be exer<^^^ in 
accordance wfth established security Instx^ctioii^ 
to avoid divulging classified Information. "Givjj^ 
hints" or ''talking around^:, a classlfied,sut>j^o<^ 
usually leads to trouble. 



directory includes general lnsti;uctlons fiir 
placing calls over the AUTOVON system, It is 
nojf designed, however, for widespread dis- 
semination at the user's installation. Api^lcable 
portions of the directory may be locally repro- 
dycecl for Internal; distribution.^ Normally, all 
voice subscriber numbers which are commonly 
called by users shduld be published as a part 
of the local telephone directory. A complete 
list of AUTOVON voic^ numbers should be kep^t 
availably at each Private Branch Exchange (PBX) 
operating position. ^ * . 

AUTOVON ' , , ; 

Assistance Operators 



AUTOVON asslstance.by an operator Is avail- 
able as outlined In the current edltlort of thfe 
AUTOVON directory to assist the subscriber 
. in completing calls and also to arrange conference 
calls when desired. The primary function of the 
'assistance operator is to assist the subscriber 
in tfie completion of cklls, but it is intended 
that the assistance of the operator be sought 
only after the subscriber'has attempted a normal- 
call via the appropriate automatic channels, of 
the network. Instructions for requesting 'Parlous 
types of assistance from the local. AOTO VON 
assistance operator are Included in tlw^current 
vyUTOVON directory. An AUTOVON assistance 
operator may provide such servjices as 
(1) directory serVrpe in providing ^UTOVON 
num'^rsr (2) ,completlng^a call that a subscriber 
cannot reach ^directly/ (3) establishing con- 
ference calls, or (4) receiving trouble reports 
if the trouble desk cannot be reached. 

Trouble Reporting 

troubles may occur in the AUTOVON network 
which ^ may cause interruption in an existing 
call or. prevent a subscriber from initiatiilg 
I a new call. These troubles could exist in the 
subscriber's phone, 'on the access line to the 
switching center, in the switching center equip- 
ment, or in the trunks between switching centers. 
Troubles should be promptly reported in ac- 
cordance with the instructions provided in the 
current issue of the AUTOVON directory. 



AUTOVON Directory 

An AUTC^ON directory is published p^j.^ 
lodlcally andTOst^-ibuted to all subscribers co^^ 
nected to respective AUTOVON switches, Tj^j^ 



AUTOSEVOCOM 

The abbreviation AUTOSEVOCOM means 
Automatic Secure Voiee Communications. This 
system is not available at all Commands. Some 
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of the commands '^within the AUTOSEYOCOM 
Bystem use secure SEVOCOM switchboards and 
speclftl clrcuits^ that link these commanda to- 
gether.* ^Communication between Jdommands 
Utdced by these ^circuits if established and con- 
ducted entirely *ln the secure m-ocfe. Ir other 
areas, AUTOVON phone 'circuits 'are utilized 
as the audio path^^with the InltlaUcall-up.belng 
made in the unsecure mode. After contact has 
been established^ the subscriber;)? switch to the 
classified, or secure, mo6e of operation to 
conduct their business/ 



DEFINITIONS ^ 

Several terms are utilized in the AUTO- 
SEVOCOM network. Some of the comnionly used 
terms and their d^initions are listed below: 

1. ApprovedlCircuit — A circuit which has 
^been authortfed by" responsible authority for 

the transmission i?l plain language of information 
of a specific security classification. 

2. Authentication^ A security measure 
designed to protect a communications or command 
system against fraudulent transmissions. * 

3. Authorized' User — An individual, activity, 
or organization which has been authorized the 
use of a subscriber terminal facility -by com- 
petent authority. ^ 

4. Automatic Subscriber — A secure voice 
network terminal with the capability of dialing 
and completing a secure voice call without 

Vrator assistance. 

5. Cross Talk— Sound heard in a receiver 
resulting from telephone cujrriants in another 
channel. '{ * ' 

6. /*Go Cipher'' — Tfee term usjsd to initiate 
neces'sary action to convert the equipment from 
plain language to the encrjrpted m'^e. 

7. **Go Plain'^ — The term used to initiat^ 
'necessary action to char^ equipment from the 
'encrypted mode to the plain language mode. 

8. Manual Subscriber — A secure voice 
germinal requiring operator assistance to place 
calls. ' 

9. Narrowband Subscriber — A terminal 
whose ciphony equipment requires a transmission 
bandwidth of approximately 4 kHz. 

10. Wideband Subscriber — A terminal whose 
ciphony equipment requires a transmission 
medium bandwidth of approximately 50 kHz. 

11. Nonsecure Mod^ — Unencrypted mode of 
transmission during which classified information 
may not be dfscussed. 



12. / Military Precedence Designator — A' 
word desifhating the precedence level of ^ Call 
as defined in the Joint Uniform Telephone Con}-, 
munications Precedence System. 

*• 

13. Preemption — The act^ of seizing, com- 
munications facilities befo^ or in preference ' 
to others^ 

14. Secure Conversion Area t" The ar^a 
where a wideband to narrowband interface 4s 
accomplished or a cryptographic key change is 
made. 



S<ibsc 



15. Subscriber— The/organization provided 
with a direct communica/tiQib connection between 
its terminal facilities ^nd.'a circuit switching 
denter*. ' 

16. TSEC/KG-13 — A transistorized, full du- 
plex^ digital key generator which, witb appropriate 
ancillary equipment, provides encryption and 
decryption of multichannel teletypewriter, data, 
voice, and facsimile. . ' 

17. TSEC/KY-3 — A transistorized, fuUcfu- 
plex, wideband single channel speech security 
equipment. * »^ 

GENERAL OPERATING 
PROCEDURES 

In order to maintain effective operational 
service throughout the' AUTOSEVOCOM network, 
it is necessary for all users ^to observe proper 
operating procedures while utilizing the services 
available. The operating instructions found in 
the local AUTOSEVOCOM subscriber's directory 
contain specific information concerning correct 
placement of calls. jfj 

Precedence 

# 

Precedences ^sed via the AUTOSEVOCOM' 
network are governed by the Joint Uniform Tele- 
phone Communications Prebedence System'(figure 
14-18). The effectiveness of this system depends 
on the personnel utilizing it, suid; each user 
should exercise caution when considering whether 
a call requires a special precedence. It is 
improper procedure' to request dr utilize a 
precedence higher than the' circujnstance 
requires. Calls of a given precedence wlH not 
normally preempt calls of an equal precedence. 
For example, a priority call will not preempt a 
priority call already in progress. 
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Prece<J^nce' designators are for joint use and specify th'e relative order in which telephone calls 
shoalii oe handled based on the importance (jontentVoT the call. ^ * ' 



Numerica/^ 
^ateg^y<^^ \ 1 



Designator 



FLASHY*- 



■J: 



Application: r Flash pTece^ence is reserved for alerts, .warnings, or other emergency actions having 
' '^mediate bearirtg on National, command, or area security. Examples: Presidential 
' use; announcement of an alert; opening of hostilities; land, air. or sea catastrophies; 
inteliigel^e reports on matters leading to entfmy attack; potential or actual nuclear 
accide^ or i nc id ^tv** implementation of services unilateral emergfencjy actions pr'oce- 
l^ures, etc. X ^ ' . 




Designator: 
Application: 



IMMEDIATE , • f ^ 

Iinm^diate'prec.edence )s reserved fon Vital communication. (l) having an immediate op* 
erational effect on tactical operations; <2) which^dirytiy concern .safety or rescue op- 
erations; or (3) which affect the intelligence community operational role. E»kmples! 
Initial vital reports. of damage flue to enemy action; larxi, sea, or air reports Jvhich must 
be completed ft%m vehicles in motion such as operational mission aircraft; intelligence 
reports on vital actions in progress; natural disas"ber or widespread damage; emergency 
weather reports having^an immediate bearing on mission in progress; emergency use for 
circuit restoration, use by tactical <;omnfand po^ for passing immediate operational 
traffic, etc. ^' 



PRIORITY 

Priority precedence fik,res^rved for tails which require prompt completion for National 
defense and security, the successful ct)nduct of war.^dr to safeguard life or property, 
which do not require Hl|her precedence. Examples: Reports of priority land, sea, o^air 
movement; administrative, intelligence, operational', or logistic activity calls requiring ' 
priority action; tails/that would have a serious Impact on military, administrative, in- 
telligence, operational, or logistic activities if hajidled as a ROUTINE call. Normally, 
PRIORITY will be t^e^ighest precedence which may be assigned to administrative 
matters for which ^peed of handling is of paramount importance, ' . ^ ^ 



Routine precedence reserved for all otherXofflcial communications. 



1. Call? of any precedence may be preemfited by the application of the FLASH OVERRIDE capability 
. • ahrailable to: (1) the President of iheM.S^ the Secretary of Defense, and the Joint Chiefs of Staff; 

(2) Commanders of Unified and, Specifted Commands when declaring either Defense Condili'bn One 
or Defense Emergency; and (3) CINCNORAD when declaring either Defense Condition One or Air 
Defense Emergency. • % • ^ 

2. Precedence, (designators FLASH through PRIORITY will be given preemption rights irt the order of 
' listing. 




Numerical 
. Category: 




Figure 14-18. — Joint Uniform Telephone Communicatioas Precedence System. 
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SECURITY 
REQUIRE^NTS 



MESSAGE ^PROCESSING 
AND DISTRIBUTION 
^ SYSTEM (MPDS) 



Physical security at the secuB6 con- 
version area of a switching center wiil 
be In acedrdarice with . requlrengients con- 
tained In KAG l/TSEC 'series. Unrestricted 
use of bie AUTOSEVOCOM system will 
be llmltM to ttos'e- U.S. citizens ^pos- 
• eesBing^ iii l^^tp^a S<§cret security "clear- 
jfice 6r hl^er.*^ 



< Authentication 



When Information up^ to and Including Secret 
* is dlscusse^, the AUJOSEVOCOM system is 
designed to be self-authenticating (no. authen-- 
ticatlrig Is required by conversing parties). All 
Top ^crQt conversations must be authenticated, 
by the call originator, ensuring that the ci^ed 
party Is cleared for' receipt of the Inforihatlifai 
to be discussed. Positive voice recognition may 
be used as an alternative authentication. This 
>^ voice recognition Is a dual responsibility of both 
the called atfd the calling partjiy * 

%k Violation Reporting « 

> ' ' ' • - . 

Physical security violations shpuld be r6-r 
ported as prescribed In KAG l/TSEC^and CM9b4. 
Any user becoming aware of an Inadvfertent third 
.party connection or hearing crosfe talk should 
report the occurre^ice to the .switch operator 
serving the termination. The user should give 
the operator all known details, to assist In 
correcting the deficiency. Thl^ report Is In 
addition to any report required due to Inad- 
vertent disclosure of classified Inlbrmatlon. 

■ ^- -.' ^ 

y- OTHER SYSTEMS 

- The ' Navy has developed more automated 
systems dedicated to enhancing fast, writer-to- 
reader tlnrie In message handling.' With a more 
effective speed-of-dellvery of. message traffic, 
the vojumle 'of messages that^can be handled Is 
steadily mcreaslng, producing efficiency beyond 
the dreams'of the early communications pioneers. 
Some of the ' systems " enhancing this speedy of 
service are discussed below. 



The; Message Processing and ' Distribution 
System'''(M'PDS) is a shipboard message switch- 

V Ing system which processd^^^^sjores, logs, and 
Mnternally routes record ^nd ^^dfgital data traffic 
to and from receive and'ir^smlt channels. This 
system can Include twenty 4ntra-shlp ternilnals 
located in prlnclps^l shipboard offices and 
operating dpaces. • When outgoing traffic is 
originated vat each terminal, iti^ is completely 
formatted j^l^ar®^-^^^ release,, logged, a!hd trans- 
mitted without manual intervention.^ The system y 

, includes^ a facility coqtrol console with a key- 

- board ^ and^ display panel for semi-^iutomatic 
Olroult/equlpment accounting and frequency man- 

^^enient.^^ This also aids in ,cont;'olllng remote 
HF/' equipment, telephone sets, a teletype for 
qiTcult coordination, and remote switching for 

./Secure voice ^circuits. The first MPDS system 
is Installed on board USS-NIMITZ 1[CVAN 6$) 

" and. is designed to process in excess of 25C|b / 
messages per day. 1 

LOCAL DIGITAL ^ ^ 

MESSA|fE EXCHANGE (LDMX) 

ThImNavy has developed, tested, and in- 
stalled, m5MX message handling systems at 

i several locations to meet the current fgrowth , 
in data exchange requirements.' *^he LDMX /is 
a computerized communications system which > 
automates the message processing functions 
a cor^municat^ons facility to^ provide reliabW^^ 
accurate comrViunications and data excluinge at 
high speed. The LDMX simultaneously transpiits 
and receives messages over the DCA Automatic 

\ Digital Network (AUTODIN) , and other remote 
terminal circuits to provide hig^ speed proces-"^ 
sing, system reliability, secuij^ communicatioris, • 
cost savings, and flexibility. Th^ /LDMX system 
concept is outlined in figure 14-19 and discussed ' 
below. 

Hlgh^ Speed 
Processing 

^ On-line to AUTODIN and other circuits, the 
LDMX system automatically receives, identifies, 
and files traffic for processing and future refer- 
ence. Incoming mei^ages ^re automatically ar- 
ranged by precedence, processed, edited, and 

^ printed on "reproducible mats for delivery. Out- 
going, traffic is entered via an optical character 
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76.143^ 



Figure 14-19. — Li/mX system conQept. 

reader (OCR) or via; magnetic tape, paper tape, f and header preparation and by providing system 
or card reader. The system fdrjpiats the outgoing ^ look-up files In lieu of manual files. By 



message; creates a heade^fvalldatete^e mespage 
Identifiers, precedence/ jBind <5lasslflcatlpn; 
searches system files to Msign correct routing 
todlcators; and Arranges me message by 
precedence for* automatic transmission. . Tfils 
LDMX 8yst€jpi provides high speed communi-. 
cations processing to replace the slo\9< error 



eliminating m6st*ni^nual functions and validating, 
tjiosfe remaining, "the . system greatly reduces' 
mi&routes and nondeliveries. The system works 
around the clock Ibd prcrvl^s virtually full 
time availability. K^V devices can be switched 
from one application to another, and there is a 
full range of excess equipment that could be 



prone manual operations. Operating at full ' installed. The system can Continue to operate 
capacity, the system- can process up to 7500 in a semiautomatic or maniial moile if a major 



messages per day. 

System Rfeliabillty 

Message processing reliability is greatly 
Improved by automating message identification 



component is Inoperable. 

Secure Communjc'atlon \^ ^ ^ 

All message secujity iields are validated, 
and if a mismatch is dejected In the LDMX 
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system, the message is displayed to an l^router 
or**anrOutrouter for revl^ and action. Depending 
on the ' user's reiqulreMents- video ^llsplay 
terminal (VDT) operators f^y Be prevented from 
dlfililaylng ^ ^calling' Top Secfet and SPECAT 
messages, ^hus refluclng, the. possibility of a 
.security- violation. . 

Cost Savings, 

Byi reducing the dependency on maiftial 
ftmctiohs, the LDMX' system provides^r^llible 
and secure high speed* messM^^ processing 
• capabilities that will Handle antlcyated Increases 
in traffic without' increases In manpower and 
equipment. One LDMX system can replace several 
manual communications centers and provide 
greater accuracy and higher processing speed than 
the manual systenia combined. j 

Flexibility 

. .The LDM^ system eliminates most manual* 
pro<|fesslng withdut Imposing stringent limitations 
m the user; Tailored to meet the unique situations 
at ififach command, the LDMX can be responsive 
) to 4ndivldual command requirements and 
variances. .. . 



Y 



statistical and 
Managerhent Reports 



A significant featu\ 
the natural accumulatlc 
and accounting data 



Ire of the LDMX sysiem is 
^of statistlcaMnformatlon 
which provides acfciirate 
.verification of the reliability and. performance 
'of the system. Message processing dati. is 
summarized in a series of statistiqal analysis 
summaries, that Includes: 



1. A bar chart providing an hourly volume of 
incoming or outgoing messages". 



2. A summai^y report showing the number and 
^average length of Incoming or outgoing messages, 
the num^r of messages delivered to a remote 
printed, and the numlfer of various classifications 
and; precede nee s . ' . 

3. A 'listing of service messages sent Vnd 
received, 

H» A listing with information concerning 
duplicated, mlsrouted, and mis^^exjt messages. 



5.^ A speed, of service report, giving m.axl- , 
mum, average, and minimum processing times 
(by pre(jedence, cmsslflcatlon, or selected 
originator). \ ' ^ 



NAVAL QPMMUNICATIONS 
PROCESSING AND ROUTING ' 
'SYSTEM' (NAVGOMPAR^r* 

' The Naval Communications Processing and 
Routing System (NAVCOMPARS) is an automat^, 
com.Tiunications processing an(jl routing system 
ivhlch provides*" the. interface betweer^ circuits 

-^ashore and^thtse a^riHng thfe fleet/ Th^ NAV- 
COMPARS/automatlcally performs the functions' 
of maintaining a re^-t|me fleet locator, servicing 
messages, formatting;* screening, reatfdressal, 
and routing. Its primary purpose ls\o serve 
the fleet, although it is designed with LDMX 
modules to serve shore based users, if needed. 
NAVCOMPARS h^fi mad^the job df a shipboard 
Radioman rtiiach^ easier by eliminating the re- 
quirement to place .routing indlcator^on outgoing 
message traffic. There is *no longer a r^ulre- 
ment for ships utilizing NAVCOM?A:RS to main- 
tain AGP 117 on board. The system allows 
afloat units to send messages via termination, 
Ship/shore, or satellite in a i^modlfled ^CP 
126*' format, which requires the addition of 
JANAP^128 formal lines 2, 4, 15, and 16 to 
the normal AGP 126 format. Other advantages 

.of the NAVCOMPARS are automatic message 
processing, dLutomatlc routing indicator ^kup 
anda format conversion, security protection, sus-. 
pected duplicate checks, automatic file and re- 
trieval, auton(iatic reaction to special operating 
signals, and visual display of garbles or errors 
for operator intervention. / 



\ 



I'ormat Compatibility 
in NAVCOMPARS 



In order ip obtain, the full benefits of\NAV-, 
CtoMPARS, the message originator and com- 
-munlcatlons personnel must prepare messa^s 
in the prescribed fornriat. If there is an error 
in format con'Strtfction, ft\can cause a m«^sage 
to -be rejected by the NAVCOMPARS, or it 
may cause the NAVCOMPAR& to reject one of 
the addressees. The format requirements out- 
liiied in NTP 4 for NAVCOMPARS must be- 
fpllowed to effect proper^ delivery of message 
trafi^. 
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Plain Language 

Address Directory (PLAD) 

The only authorized source of short titles 
and geographical locations in message ad- 
dresseep is the Plain Language Address 
Directory (PLAD). The PLAD is disseminated 
and controlled by COMNAVTELCOM as a supple- 
ment to NTP 3. The PLAD provides authorized 
Wstings^^eT approved addresses and is intended 
for'the u^6^f message.dVafters. Copies df NTP 3 
(with the PLAD Supple,ment) should be dissem- 
inated to all users who draft mess^kges wtthin the 
comnrland/ The PLAD'" normally contains plain ^' 
language addresses for Navy, Marine Corps, 
and Coast Guard commands and. Is updated 
frequently by **ALCOIVI" general message cor- 
rections. 

Message Paging , 
Via NAVCO\;PARS 

The NAVCOMPARS system is configured to 
accept 'messages with up to 37,000 continuous 
characters. With this system, a fleet unit op- 
erating directly with a NAVCOMMSTA equipped • 
wit^ NAVCOMPARS may transmit up to 550 '\ 
continuous lines .of me i3 sage headings and text 
without dividing the ryisssage into two sections. 
A fleet unit terminated with a NAVCOMMSTA 
not equipped with NAVCOMPAR^may transmit 
up to 100 li^nes of continuous teift exclusive of 
heading lines. 

SATELLITE INFORMATION 
EXCHANGE SYSTEMS (IXS) 

The purpose. of Satellite Information Exchange 
Systems (IXS) Is to link subscribers together, en- 
abling them to exchange information via a specific 
satellite path. Included in the IXS are the Sub- 
marine Satellite Information Exchange Subsystem 
(SSIXS) and the Common User Digital Information 
Exchange Subsystem (CUDIXS). 



Submarine Satellite 
■Information Exchange " 
Subsystem (SSIXS) ^ 

The SSlXS has been designed and Is being 
installed In SSN/SSBN submarines to complement 
the existing communications capabilities on board 
submarines. It is designed as an extra com- 
munications function and does not replace any 
existing faeUities^ The SSIXS has two modes 
of operation. One is the broadcast mode, enabling 
the shore terminal to send selected portions 
of the submarine broadcast files. The other 
mode is the query/response (or calling and 
answering) operation, Where the underway unit 
has the option to transmit and receive traffic 
from the shore terminal. Submarine subscribers 
will hormally utilize the modified ACP 126 
format procedures via this system. Each SSIXS 
. network can support a community of up to 
60 subscribers. 

Common User Digital 
Information Exchange 
Subsystem (CUDIXS) 

c 

CUDIXS is the link control or automated 
informrition su)&system developed to enable rapid 
exchange of information between fleet mobile 
subscribers and activities ashore. Ships wiir 
pe assigned to the CUDIXS network by the Fleet 
Commander in Chief (FLTCIJSfC) and normally 
will only be active mem^rs during operations 
at sea. Active networkparticlpation during in-port 
periods will be authorized only where there are 
no local message distribution services or when 
specifically directed by the FLTCINC, CUDIXS 
is designed to process message traffic in modified 
ACP 126 format. Since the shore terminal will 
automatically convert the traffic to JANAP 128 
format, caution should be exercised by the ship- 
t)oard operators, to follow rigidly correct format 
procedures and to utilize correct Plain Language 
Addresses from the PLAD supplement to NTP 3. 
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•CHAPTER 15 

FLEET COMMUNICATIONS 



A commanding officer mast be able to com- 
municate whenever necessary with both ships 
and shore stations to maintain effective commands 
and control of the situation at hand. Communi- 
cations is stUl and always will be the Voice 
of Command/' In this age of nuclear weapons, 
guided mfsslles, 8upersoni,c aircraft, and high 
speed Submarines, top performance is required 
of our fleet comjnunicators. Therefore, they 

?^ast always remaih in a condition of constant 
reparedness. 

The Navy has phased out many of its older 
ships during the last decade and has commissioned 
many new ones. Along with the modern ships, 
miiny up-dated comxjuterized comrmvnications 
systems have been implemented, 

' The information in this chapter may seem 
of most use to the ^'sea-gbing*' R^lloman, but 
all personnel in the communications community 
should be familiar with the information for 
preparation for ^a duty. 



FLPET MULTICHANNEL 
BRO.JiDCAST SYSTEM 
(*'N" SYSTEM) 

The Fleet Multichannel Broadcast (MULCAST) 
System is now the primary means of deliv^ng 
message traffic to ships. It has replaceflT the 
single channel radioteletype system. The 
CA§T is keyed by the automated Naval Cor 
cations Pi:ocessing and Routing 

(NAVCOM PARS) and is transmitted via sf 

loW (LF), medium (MF), and high (HF) fre- 
quencies. The HF component of the MULCAST 
Is transmttt^ via several frequencies at the 
flamo time to enable the ships to pick the be^t 
reception for their location. Through the use 
of multipleJj equipment, the IVTULCAST provides/ 
the opportunity for thfe delivery of large quantities^ 
of traffic with a small number of transmuting 




stations. The MULCAST provides a linking net- 
work ;to support comjTiunications coverage to 
all oce^n areas of the world. 

The ocean areas mentioned are divided int6 
four ivfaval Communications Areas (NAVCOMM- 
AREA), as shown in figure 15-1. Each NAV-' 
COMMAREA has a Naval Communication Area 
Master Station (NAVCAMS) tasked with the 
responsibility of coordinating fleet broadcasts 
as well as other communications circuits within 
their areas. There are NAVCAMS at Norfolk, 
Naplej5, Honolulu, and Guam, acting as NAV- 
CAMSLANT, NAVCAMSMED, NAVCAMSEAST- 
PAC, J and NAVCAMiSWESTPAC, respectively. 

BRO,\pCAST CONTROL 

The Broadcast Control Authority (BCA) is 
the controller of a specific broadcast. Nor^nally, 
the authority is under the cognizance of the Fleet 
Com mander in Chief or a Force Commandei;'. 
The fiCA directs the implementation of the 
broadcast and provides direction and guidance 
toward its ^configuration aiid content. The BCA 
may control the broadcast^completely, or it'may 
assign some responsibility to a subordinate 
command, 

Tiie- Broadcast Control Station (BCS) is the 
activity that engineers the broadcast and^elivers 
the keying to the transmitting stations. TheNAV- 
CAMS-ttsually assembles the keystreams for all 
channels of a broadcast and delivers keying 
to the transmitter station. 

*The Broadcast Keying Station (BKS) is the 
activity responsible for placing the message 
^ffic directly into the broadcast. Different 
sjfitions may operate as BKSs on the same 
Broadcast, but on separate channels. 

'^A Broadcast Radiating Station (BRS) is a* 
station .responsible for radiating a signal from 
a broadcast supplied by Ihe BCS and may or may 
not be a NAVCOM MSTA. 
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1 Figure 15 

BROADCAST IDENTIFICATION " 



Multichannel broadcast's are assigned des- 
Ij^nators for identification. The first letter of the 
deslgnatorf^ identifies, the naval bommimication 
area, and additional letters let us know the type 
of broadcast it is. f^or example, a broadcast 
beginning with a J'K** originates from -fhe Medi- 
terranean Com naunicatioq Ai'ea (Naples), and an 
•*N'V rt^ans the broail6ast is from the Atlantic 
(Norfolk) Communication Area. So, a broadcast 
with the designator NM(JL a multichannel 
broadcast (MUL) tn the ^Atlantic COMMAllEA, 
and one with a designator KSUB is a submarine 



Communications area master stations. 



broadcast (SUB) In the Mediterranean COMM- 
AjREA, A complete list and description off broad- 
cast designators cap be found in NTP 4. 

f A typical mylticliannel broadcast (N) 6ystem 
eonsists of receiving antennas, the antenna multi- 
coupler, tw^ receivers (if diversity reception 
• is .employed), AN/UCC-l multiplex equipment, 
^the.TSEC/RWR-S? and TSEC/KG-14 crypto 
equipments, and a teletype machine for each 
channel copied. The recovers are patched to 
the AN/UCCf-1 via the receiver audio switch- 
board. The' output of the AN/UCC-1 is patched 
via the biack DC patch pdnel to the crypto equip- 
ments, and the output of the, crypto equipments 
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are patched to the teletype machines via the red 
DC patch panels. An illustration of how the 

. equipment is connected through the patch panels, 
and switchboards to develop the comTiunjcation 
system is shown in figure 15-2. 

Reception of the multichannel broadcast via 
satellite will t>e discussed later in this chapter. 

^ The multichannel broadcast is, divideci^ info 
sixteen channels. Ships copying the broadcast 
are matched to broadcast channels by class 
according to sim',larities of mission, task, and 
equipment capabilities. Each ship is assign.ed a 
primary channel to copy for traffic and a 
si3condary channel to copy for reruns or over-- 
load traffic. The secondary channel transmits the 
same traffic as (he primary channel one hour 
later. This enables a ship to pick up missing 
nunjbers on the broadcast within one hour by 
copying the secondao^ channel. Ships are not 
required to cop/ the secondary channel unless 
they miss a broadcast number or unless the 
chatinel is activated a3 an ^'overload*' channel 

> for '*first run*' trafficvlf the secondary channel 
is activated for **first run'* traffic, the noti- 
fication message informing operators is s^t 



giving sufficient notice via the primary channel. 
Broadcast channel alignment is outlined in NTP 4, 
Section 2. 

BROADCAST OPERATION 

The Fleet Multichannel Broadcast (MULCAST) 
is operated continuously and requires restart 
aj; the beginning of each new crypto day and also 
each time the synchronization is lost. TheXSEC/ 
KWR-37 crypto device is used for the decryption 
of message traffic on specific broadcast chan- 
nels. It also provides timing for the TSEC/KG-14 
on other channels. 

A spare TSEC/KWR-37, if available, should 
be prepared for the new radio day bxJfiserting 
the new day's key card in the holder approximately 
45 minutes prior to daily restart time. The'actual 
patching of the new TSEC/KWR-37 should not 
lake place until about one minute prior to restart 
time so tliat reception of high precedence traffic 
is available up to the last minute. 

Every Radioman on board should be thoroughly 
familiar with this operation of the TSEC/KWR-^7. 
The operating instructions for this equipment 
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are contained In the ptbllcatlon KAO-34 (series) 
and will provide all Operating personnel with 
helpful hints td keep your broadcast file up to 
date with the least amount of missing mumbers''. 

BROADCAST SHIFTS ^ 

There will be times occasionally when' a 
ship has the requirement to 'shift from one 
broadcast to another. If a ship transits the 
Atlantic, for instance, it is no| feasible that 
the Radioman- will be' able to copy the Norfolk 
(Atlantic) broadcast du;ring the entire trip without 
reception^problems. Normally, there should be a 
broadcast shift to the Mediterranean (l?aples) 
broadcast at about the half-way point during 
the transit^/ ' 

The shift from one broadcast to another or 
a shift off the broadcast should be accomplished 
at 0001 Z. The broadcast shlf1\message should 
be sent early enough so that it„ reaches the 
common source file authorities at NAV- 
CAMSLANT Norfolk, VA and NAVCAMSEASTPAC 
Honolulu, HI by 1600 Z on the day before the 
radio day of the shift. In the case of an emer- 
gency broadcast shift, the ship\ should commence 
copying the new broadcast imrnediat,ely. It should 
continue to copy the original broadcast for as 
long as possible, or until the originally scheduled 
time of the shift occftrs. The notification of an 
emergency shift message should be s^nt with a 
PRIORITY or IMMEDIATE precedence. A format 
example for broadcast shift messages can be 
found in NTP 4, and updated information may be 
promulgated by the NAVCAMS Communication 
Inforijiation Bulletins (CIBs). 

) 

BROADCAST FILE 

/The broadcast ftle contains a cja^y or filler 
for each message transmittW^TJ^ received on 
jrfie broadcast. The file is stored in accordance 
/with the highest cla-ssification of the information 
/ contained in the file. Segregated stowage by 
classification is not required. Broadcast copies, 
carbons', and tapes are safeguarded In accdrdance 
with OPNAVINST 5510;i (series) and mu6t be 
retained for a period of ten days. Top Secret 
messages received but not addressed to an 
afloat command . should be removed from the' 
broadcast copies, and ticklers' should be entered , 
In the broadcast file in lieu of the Top Secret 
message. The Top Secret message should be 
destroyed im-medlately by authorized methods. 
The destruction should be certified by twq wit- 
nessing officials who place their Initials next 




to the appropriate broadcast serial number on the 
check-off sheet. These check-off sheets 
exempted from the regulation requiring that 
certlftc^Jtes of destruction be retained for two 
years but, instead, are destroyed with .the broad- 
cast files after ten days. Top Secret traffic 
handled by NAVCOMMSTAs for relay or broad- 
cast delivery need not be controlled as described 
in OPNAVINST 5510.1 (series) and DODINST 
5200.1, providing all copies (except the monitor 
rofi and monitor reel) are destroyed immediately 
after they have served their purpose. Monitor 
copies must be marked Top Secret and afforded 
appropriate security and storage. These monitor 
copies may be destroyed after the mandatory 
retention period, with proper documentation. 

Missed Broadcast 
Messages 



If a ship misses broadcast messages, the 
Radiomen should make all attempts to obtain 
the missing messages from ships in company 
or other fleet units via local circuits, visual 
means, or messenger. If the messages are not 
available locally, then the ship must ask for a 
retranf -lon of the messages from the broad- 
cast etu The retransmission request sent 
by the shij ailed a Broadcast Screen Request. 
' The screen request Ms sjent **actlon'' to the BKS 
and * 'information" to the applropriate NAVGAMS. 
vAny unit requesting a retransmission of more 
than 25 missing broadcast numbers must include 
their numbered Fleef Commander (e.g., COMSEVr 
ENTHFLT, COMSECONDFLT) as an information 
addressee. • ) / 

A complete copy of missed messages not 
addressed to the ship's guardllst need not be 
obtained. Heading fillers of heading recaps can be 
substituted in place of the complete message, 
Once an hour, a message summary headingrecap 
is sentKjn each first-run broadcast channel. This 
recap supplies the headings of the previous 
hour's 'raffle. This Is an excellent means of 
recovering messages that may have been missed 
during the previ6us hour via the brpadcast 

Broadcast 
Check-off Sheets 

The form utilized as the broadcast circuit 
log and destruction sheet (check-off^list) lists 
the number of messages received/transmitted 
via the broadcast and the classification of each 
message. The form .also serves as the record 
^of destruction for the 'classified messages 'in the 
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file. An example 6f this form is showit ia f tgifte 
15-3. iTie form Jsj)6t available through the Navy 
Supply Syst*6mj^but It may be reproduced locally 
for use. , 



OTH?R BROADCASTS 

As previously stated, the most popular means 
of message traffic delivery to the fl^et Is via 
the multichannel broadcast. There are ships In 
the Navy, however, that do not yhave the capability 

»pr the need to 9ppy a multichannel broadcast. 

'^he ship may not have the multiplex equipment 
installed, or the/ assignments or mission of the 
ship may require it to copy one or more of the 
following broadcasts. 

SINGLE CHANNEL ^ 
BROADCAST 

If a ship Is not equlf)ped to copy the multi- 
channel broadcast, then it miist be a subscriber 
to a single chahnel broadcast. The single chajinel 
broadcasts /are c identified by ^'RTT'* or "SPG** 
preceded by the COMMAREA designator , letter. 
Fbr example, the LANTSOAM (No rfojlk ) single 
channel broadcast has the desljdi|PANRTT. 

The single channel bro^lMIs are keyed 
continuously and require crjJP^aphic restarts 
at the beginning of each n^ crypto day or when- 
ever synchronizatiorit is lo9t^ Freqj^encies in the 
LF/MF/HF ranges are assigned to the broad- 
casts i)y \hB area CAMS in^ Communications 
InfdrmationyBulletlns (CIBs). The' cryptographic 
eqtilpments^-used on- a single channel broadcast 
can^^ be either the TSEC/KW-37 .or the 
TSEC/KW-7CR. A frequency shift converter 
(usually an AN/URA-8 or AN/URA-H) is used 
on the single channel broadcast in lieu of the 
AN/UCG-l that is required for ttie multichannel 
broadcasts. 

The guidelines, concerning service messages, 
missing number procedure?, stowage and re- 
tention of files, and n format are, the 
same as outlined previouBi r the multichannel 
broadcasts. 

Submarine Broadcasts * 

Several -frequency shift keying (FSK) single 
channel submarine broadcasts have been es- 
tablished to provide a means of communica- 
tions from force commanders to the irjope rational 
units. These broadcasts are the primary means 
of telec6mmunications to sjiJbmarines underway. 
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Broadcast • operations and traffic contenj^^^fre 
carefully controlled by the BCA to accomodate 
various, submarine operations. Cryptographic 

/st^rt times are staggered to avoid more than 
one broadcast from being off the air at thQ 
same time for cryptographic restarts. Each 
schedule begins on a prescribed hour. The first 
message Is a traffic list (ZBO) to let each 
submarine determine the need for further copy. 
Messages are repeated three, four, six, or 
twelve times, depending on the operational re- 
quirements. 

A new multichannel submarine broadcast sys- 
tem called- VERDIN using minimum shift keying 
(MSK) has been developed to replace the existing 
single channel FSK broadcast. Some VERDIN 
shore terminals have already been conl^tructed, 

' and more will be completed in thfe near future. 
VERDIN installations on y.S. submarines should 
be completed during 1979. 



Composite Fleet/ 
General Broadcast 

The^ Composite Fleet/General ' Broadcast 
(CMP) is a CW broadcast used by those fleet 
units unable to copy a covered broadcast (either 
the MUL or RTT). The broadcast is keyed on 
a scheduled basis for U. S. Fleet unlls, pro- 
viding narrative message traffic, weather, and 
hydrographic messages, f This broadcast also * 
serves Allied ships and other authorized userp 
on a preset schecliUe. The fleet schedule is > 
maintained only for the use of U. S. and friendly 
foreign warships. 

Transmissions of fleet schedules consist of 
a call-up transmitted five minutes prior \o com- 
mencement of* the schedule. This call-up will 
consist of the called station call sign sent three 
times, the pfosign **DE'» followed by the call 
sign of the calling station sent three tii;nes, and 
the word **FLEET.'' An example is as follows: 
NERK NERK NERK DE NAB NAB NAB FLEET. 

When It is tfme for the schedule to com- 
mence, the same procedures as set forth above 
are used, except this call will be.pifeceded 
by a series of eight '*Es'' and will include 
the appropri^ite operating, sign^P for the number 
of messages to be transmitted (ZBO). An ex- 
ample is as follows: EEEEEEEE NERK NERK 
NERK DE NAB NAB NAB ZBO 04. After this 
is sent, the transmitting station can commence 
sending traffic. i »• 

If a message is received for relay at the 
transmission station after the schedule has 
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BROADCAST CIRCUIT NUMBER LOG and RECORD OF DESTRUCTION 

Retain traffic for a period of 10 days in accordance with 
SECNAVINST P5212.5B SubPara 2100(3). Destruction ^ 
^ in accordance with NTP 4 01.03.0326 and 02,01. 1400 
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in the Naval Supply System but 
may be reproduced locally. 



Figure 15-3. — Broadcast circuit log^and record of destruciiona 
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(Jonmenced, the operator should put the mes- 
^ge into proper format, assign it the next^ 
qpeh broadcast numt)er, and sen5~ it oUt on the 
schedule already in progress. If the new message 
Is of a higher precedencfe,^ than those on the 
schedule to be transmitted^ the new message 
of higher precedence should be inserted out 
of sequential order into the schedule; The broad- 
cast number of that message should be sent, 
preceded by the operating signal' *'ZIA.'' 

After all fleet traffic has been transmitted., 
a **QRU'' tape should be transmitted once. 
A fleet QRU tape consists of the call sign of 
the called station transmitted three times, the 
proslgn "DE/' followed by the call sign of the 
calling station sent three times, the last broad- 
cast num^r sent, the operating signal **QRU," 
followed "by the prosign ''AH." An example 
follows: NERK NERK NERK DE NAB NAB NAB 
NR 004 QRU AR. 

If, at the. time of the next schedule the 
transmitting station has no new traffic for the. 
broadcast, the operator should use the **QRU" 
tape .from above, except the tape should be pre-^ 
ceded by a series^of eight *'*fis". As an example: ' 
EEEEEEEE NERK NERK NERK DE NAB NAB 
NAB NR 004 QRU AR. 

The Merchant Ship Broadcast (MfeRCAST) 
is used to deliver U. S. Government originated 
message traffic to MSC ships and Navy con- 
trolled merchant ships in accordance with NTP 10. 
The schedules on the MERCAST are a portion 
of the Composite Fleet/General Broadcast and 
are keyed by a COMMSTA in each designated area 
f€^ ships copying the^- MERCAST. Detailed in- 
formation concerning MERCAST systems during 
peacetime is 'found in pub'lication H. O. ^117, 
where a listing of stations, schedules, fre- 
quencies, hydrographic data, ice reports, and 
time signals are available. ACP 149 contains 
the wartime schedules and frequencies of each 
Allied MERCASt area. 

The MERCAST is primarily a CW broadcast 
with a normal operating speed of 25 words per 
minute. Speed may be increased up toamriximum 
of 29 words per minute after subscribers have % 
rbeen notified of the increasing transmission 
speed. 

Another component of the Composite Fleet/ 
General Broadcast is the Hydrographic Schedule. 
It consists of messages providing hydrographic 
information, *Coast Guard Notices to Mariners 
(navigational aids), and Notices to Airmen 
(NOTAMS). Normally, they are addressed to 
'^HYDftOLANT'* or "HYDHOPAC," depending 
on the area affected. The call up is sent fiy.e 



minutes prior to the transmission of the hydro- 
grapliid schedille to enable the receiving station 
to prepare to copy) 

\Veather Schedules are storm warnings, fore- 
ca^s, fallout reports, etc. Forecast and weather 
warnings provide information such as air ob- 
servations required for flight o{5erations. The 
schedule and frequencies for these broadcasts 
are contained in the COMMAREA Communications 
Information ",Bulletins (CIBs). The publication 
H. O. 118 also provides frequencies and area 
coverage of non-Navy weather broadcasts. Ships 
and bases' with a weather unit on board, are 
required to copy at least the synoptic schedules 
of the Navy weather broadcast for their re- 
spective areas of operation. Ships and bases with- 
out weather units on board do not have 
a requirement to copy a weather broadcast,- but 
this is at the discretion of the^ commanding 
officer or other competen^authority. 

All messages sent or received on the Com- 
posite Fleet/General Broadcast schedules must 
be filed in the communications center in date-tims 
group order. 

If any of the Composite Fleet/General Broad- 
cast schedules are guarded, covered, or copied, 
the operators must maintain a radio log. This 
log is used to record each transmlsfiion heard 
on the circuit, whether it is addressed to his , 
station or not. Commands may utilize OPNAV 
Form 2810-1 (Radio Log) or a locally ifepro- 
duced foj-m as shdwn in figure 15-4* If a mes- 
sage is addressed to or relayed by the receiving 
station, th^^nessage may be typed on a message 
form irtstead of in the log, and only the f^ssentia^ 
accounting information (time-of- 
nator, date-time group), need 1)^ 
log. The radio log should also vt (>ijciai 
conditions of the cifcuit, opening id closi . 
down of the net, causes for tra^iio delays, 
frequency changes, and any unusual circum- 
stances noted by theoperators. As the watch 
changes and the operator is relieved, he must 
sign the log in ink. This is also a requirement.^ 
when a net or circuit is closed dowti. Ah entry^ 
m ist be made in each radio log at least every 
five" minutes. If the operator /on watch is too 
busy to comply every five minutes, he maV enter 
the essential information later, indicating the 
time^. 

Facsimile Broadcast 

The facsimile broadcast is nonmally used to 
receive weather maps transmitted by designated 
shore facilities. The system confftgpB of the 
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FifUre l§-4. — Radio log. 



receiving antenna system, an HF i*^c^ive^» a 
facsimlje converter, and the facsimile r^Oof^^r. 
Kej^l^. for the transmission of facsi^il^ br^^d- 
casts Is controlled by the local corn^uaioat^^ns 
activity. Facsimile terminal equiprt^^nt pi'o- 
vlded to those naval meteorological ^ff^^^^ ^at 
prepare weather maps for transmission ot^ ;^he 
broadcast and is not physically ic^cat^q r^^ar 
the controlling communications facility. 
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The material transmitted on ^ faosi^^\e 
broadcast- is assigned serial numt>^^s ^^ir^ni 
consecutively for each calendar rnonth. J" 
continuity; the transmitting station sU^Uld {ir^^vi^e 
a dally recapitulation containing a Ust ^ t^at 
day's transmissions, showing the tifne Of ^^ch 
transmission and the associated se^^^^l %rr>^r. 

It is imperative that facsimile tranSj^^lttii^ 
stations commence their schedule® ti^e. 
Prioi;- to commencing a schedule, ^acM st^^ion 
normally should make a prelimtn^^^ ^^^t ^ail 
for approximately five nilnutes ^f^i^e 
schedule is. to begift. After the t^^t c^i\, the' 
synchronous signal is transmitted ^^l^^st 
minutes before the schedule tim'^ ^ eJ^^*>le 
the receiving stations to synchronize ^eii^e^^^p- 
ment for usable reception. 



SHIP/SHORE AND 
SHIP/SHIP CiRCnTS 

Ea/rlier we discussed the principal of the^ 
fleet broadcast and how it is used to deliver the 
largest percentage of message traffic to operating 
ships. Nov^^'will discusis the means by wl^ich 
an ^operating ship can transmit its me£|8age 
traffic Ushore^or to other ships for ^lelivery or 
relay. 

Until the early 1960s, the primary means of 
com-nunications for a ship was via CW. CW 
tiv^nsmissioris were stable and had a great 
ca{)acity for long-range transmission. However, 
the slowness transmission, necessity for 
repetitions, the cum^rsome security measures, 
and the increasing volume of message traffic 
greatly detracted from the usefulness of CW, 
This led to the radioteletype (RATTV circuits, 
which are the primary means of ship/shor^ 
communications today. - 

ship/shore network 

Ship/ shore circuits are established by desig*^ 
nated NAVCOMMSTAs and NAVCOMMUS to ac- 
cept and relay traffic from afloat Qonimands, 
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There are enough of these ship/shore circi^Bf 
In .existence to allow a ship while at sea world- 
wide coverage for transmitting its traffic. The 
send and receive frequencies for each COMMSTA 
or COMMU are promulgated by the NAVCAMS 
of thfe particular i\AVCOMMAREA by the Com- 
munications Information Bulletins (CIBs), The 
norm-il spee'd of operation on U, S. Bhip/shore- 
circuits is 100 woi;ds per minute. For operations 
with NATO^r other Allied stations, the operating 

" speed may differ due to limitations of equipment. 
Normally, detailed operating procedures for 
Allied circuits can be found irt fleet commander's 
operation orders or in ACP 176.^ Primary fleet 
ship/shore circuits are cryptographically pro- 
tected (on-line) single channel radioteletype cir- 
cuits permitting random access for a fleetunit 
to transmit traffic. These circuits improve the 
capacity, speed, and security of ship/shore com- 
munications. These cryptographically protected 

I circuits are normally referred to as ORESTES 
cilfeuits (covered by a TSEC/KW-7CR equipment). 

ORESTES circuits can be operated in the 
duplex, semiduplex, or simplex mode of operation, 

/depending mainly upon the amount of equipment 
avauotile. Irf full' duplex operation, each station 
transmufev-on a different frequency, and both 
'can transmit at the samo time, (A station sends 
on one frequency and receives on another.) Semi- 
duplex is an operation which' is duplex at one end 
of the circuit and ^simplex at the other. Semi- 
duplex operation stilj requires two frequencies, 
except one of the stations cannot transmit and 
receive' at the same time. An example of this 
situation could be a ship having only one TSEC/ 
KW-7CR equipment ^tv?fnable.. The TSEC/ 

n'5W-7CR Would be usyed for both transmit and 
receive ourpOses on 4he ship/shore circuit so 
the operator could not transmit and receive 
traffic at the samo time. Simplex is an operation 
providing one channel (one frequency) on which 
traffic can be exchanged. All Stations on the 
net can both transm'it aq^ receive but not at 
the same time. The operator must wait to 
transmit until the receive function is completed. 
This simplex operation is normally reserved 
for UHF and for those ships that do pot possess 
sufficient equipment for duplex or/semiduplex 
operation. ^ 

Net Control Authority 



ritor 



of fully qualified operators to perform duties 
'" as net control on the specified "circuits. Positive 
and continuous circuit discipline is mandatory 
to prevent circuit inefficiency, confusion, or 
traffic delay. Idle chatter, profanity, and spurious 
transmissions are absolutely forbidden. It is 
the responsibility of the net control station to 
take corrective action during occurrences of 
violations. ^ ' j 

Besides the reisponsibilit^ for Qi4intaining 
circuit discipline, the net Control station is 
also charged with expediting the flow of traffic 
and limiting transmission to the essentijil mini- 
mum. The net control station must assume the 
responsibility of resolving disputes during the 
process of message handling and determining 
correct^jve^ac^ion if a procedural discrepancy 
occurs. The authority of the net control statioi^ 
exterlds only to net operations within its scope 
of authority, and, in this regard, all decisions 
ol-,.4il^ f^^t control statiori are final. The net 
control station does not ve jui^isdiction over^ 
trie administration of individual stations within 
4he net. 

Unauthorized Transmissions 

Unauthorized transmissions, especially those 
of an obscene, indecent, or profane nature, 
project a lack of order and discipline in any 
net. Such transmissions will not be tolerated 
on any Navy circuits. The Federal Communi- 
cation Act of 1934 states: 

Whoever utters any obscene, indecent, 
or profane language by means of radio 
communications shall be fined not more 
than $10,000 or imprisoned not more 
than two years, or both." 

As unauthorized and obscene transmissions 
are not usually accompanied by a call sign 
identification or personal identifying information, 
extra effort is utilized to identify the offending 
station. Part of this effort includes' the use of 
tape recorders, accurate logs, notes of operator 
characteristics, exact frequency measurements, 
and direction finders (DF) to aid in proper 
identification. The monitoring is performed in 
accordance with the applicable OPNAV and SEC- 
NAV instructions governing unauthorized trans- 
missions via Navy circuits. 



The NAVCOMMSTA is the net control station 
on all ship/shore circuits u^ess the senior sta- 
tion or higher authority diretrts otherwise. The 
net control station will ensure the assignm-^ 



Violation Reports 

Any afloat unit or shore station noting a 
deviation from prescribed procedures should 
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bring' the violation to the attention of the vio- 
*'lator by the^se of Commanications Improve- 
ment "Memc^randums (CIMs). In the evertt of 
cojjtinuing or flagrant violations, a speed letter 
report should be submitted to the fleej^ 
commander-in-chief, with copies to COMNAV 
TELCOM, the type comm n der, and the offending 
station, ^The report should include a description 
of the violation, {publication reference, and the 
'correct date/time of the violation. 



FULL DUPLEX FSK 
SHIP/SHORE/SHIP (RFCS> 



A full dupleft FSK ship/sl^ore/ship radio 
f^gquency carrier shift system (RF'CS) covered 
by alTSEC/KW-yCR provides . p with single 
channel full-period traffic capability. (I SK means 
frequency shift keying.) This ship/shore/shn 
system can be clea^d to haiK ige ti^i 

through th^ clas^::^' cation of ,et. Sm^. 

ships traveling ii "company lioirnally employ 
this system in a i k Group Common net in 
which th^5^ terminate with a larger ship (serving 
as net control) that, in turn, provides the ship/ 
shore relay services. Ships traveling in- 
dependently could use this system, or a modi- 
fication of it, for an oA-call ship/shore 
termination to transmit their outgoing tF|ffic, 
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Figure 15-5 is a plock diagram of the full 
duplex FSK ship/shor^/ship system covered 
by a- fSEC/KW-7CR The diagrahi shows 
basicaliN how the equipments should be con- 
nected tp. develop the system, but, the JDlock 
diagram for y^i^v^^p may differ, depending 
on equipment or t^e way your equipment is 
wired into the patch^anels. 

Equipment Theory 

The operator's section of each equipment 
technical manual the local source you may 
consult to l^rn the operation of each equipment 
used in the primary ship/shore system, J Here 
we will dfscuss basic urfor^nation which can 
assist a > Radioman in obtaining the best pei*- 
ioimance of the entire system. • ^ 

vs^TT - RS, — Some of the transmitters 
in the fleet which are corn- 
...L»uiL wiu. .i»is system are the AN/WRT-2, 
AN/URC-32, and the AN/URT-23, If the 
AN/WRT-2 is used, the operator should ensure 
the transmitter is in the FSK mode of operation 
and tuned to the exact center frequency (carrier 
frequency). When the AN/URC-32 transceiver 
is used as the transmitter for this system, the 
oijerator must adjust the transceiver dial fre- 
quency (•supi?ress^d carrier) to 2 kHz below the 
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Figure 15-5. — Full Duplex FSK Ship/Shore/Ship RFCS. 
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assigned frequency. To use the AN/UR;r^3. 
the dial frequency pinst be set -to the piirrler 
•frequency. Iiislde the equlpmerlt Is a/ center 
frequency (CTR FREQ) switch v^ich mjast be in 
the 2 kHz position. This switch is loc^tjed oni^ ' 
of the FSK tone^enerator module. • 



COMMUNICATIONlS 



RECErVERS. — In this ship/shore/ship ^ys^ 
tern it is possible to use any receiver capable 
of demodulating an FSK signal. The R/i051/URR 
is a versatile superheterodyne receiver capable 
of receiving radio pignals^ in the 2 to 30 MHz 
frequency range. It can be used as an independent 
receiver, or in conjunction with a transmitter, 
and is basically crystal controlled* The R-1051 
uses a digital tuning scheme, but an additional 
fine tyning control provides continuous tuning 
between 100 kHz ii^jgrenfisnts. This receiver 
utilizes printed circuit boards and is -completely ^ 
transistorized, except fox. the RF amplifier tubes. 
The R-1051 is desighated as standard equipment 
for ship/shore ORESTES Vnd is the primary 
receiver ' now used for ship/shore communi- 
cations. 

f 

CONVERTERS. — The AN/URA-17 ' frequency 
carrier shift converter-comparator group is 
used for diversity reception of RATT and FAX 
signals. The equipment consists of two frequency 
shift converters (a top and bottom unit). For 
either space diversity or. frequeii6y^iversity 
reception, two standard Navy receivers are used 
in conjunction with the convei^fer-co^hparator 
group. In space diversity opej^ation, the two 
receivers are tuned to the safne carrier fre- 
quency, but' their receiving antennas are spaced 
some distance apart. Because of the required 
spacing between antennas, space diversity usually 
is limited to shore sta|:ion use. In frequency 
diversity operation, the two i^ceivers are tuned 
to different carrier frequencies that are carrying 
identical intielligence. Freque^icy div^sity re- 
ception commonly is used aboard ship /or copying 
the fleet broadcast which is keyed sin^dltaneously 
on several frequencies. Indiversity reception, the 
audio 'output of each receiver is connected to 
its associated frequency shift converter which 
converts the frequency shift into DC pulses./ 
The DC (mark and space) pulses from each con- 
verter are fed to the comparator. In tho com- 
j...»*ator, an automatic circuit compares the 
pulses and selects the stronger of the two 
signals. The output of the comparator is patched 
to the teletype or the required crypto equipment. 
The converter units also can be used individually 
with separate teletypes to copy two different 



FSK signals. Jhe AN/URA-17 is completely 
transistorized equii)ment and consysts of two 
identical converter units. Each convertef has ' 
its own. • comparator circuitry^ therefore, a 
separate comparapr unit is not required. 

^ TELETYPE EQUIPMENT. — There are " 
several different teletypewriters that may 'be 
used with this system. The , equipment used 
generally is a matter of choice for the individual 
setting up the circuit. The teletype equipments 
that is selected should have its range finder 
set fo^: optimum operation. The normal operating 
speed of Navy operated teletype equipment is 
60,' 75, or 100 words per minute. Gears located 
on the base of the equipment determine Jts 
speed. . ^ 

CRYPTO EQUIPMENT. — In full duplex ship/ 
shore operation, a separate TSEC/KW77CR is 
needed for each communication channel. The 
TSEC/KW-7CR is a simplex device which can 
operate either send or receive, but not both 
simultaneously. ORESTES is the mythological 
designator for the TSEC7kW-7CR crypto system. . 
Operating instructions are contained in KAO 83. 
The ORESTES system may be used to pass 
traffic up to and including Top Secret and is 
used by all U. S. Forces and some Allied 
Navies. It is the primary ibeans used by the 
Navy to pass ship/shore m<^ssage traffic and 
may be use^ for FSK or tone' modulated (TONE 
MOD) operation. The TSEC/KW-7CR is now 
equipped with a card reader mounted on the 
front of the gear (the *'CR" portion of its' 
designator means *'card reader'!). The, bard 
reader that was installed in N^vy TSEC/KW-7CR 
equipments in the 1976/1977 tim^ frame now 
enables operators to conduct daily restarts at the 
new crypto day in a matter of seconds py 
sirrjply taking out the old card and i'eplacing 
it with a new card in the card reader. ' 

/ a ' 

KEYLISTS.'— Ship/shore keylists are issued 
in card booklet form, thirty-four cards to a book. ^ 
There is one card numbered for each day of 
the month. The extra numbered cards each month 
are designated for emergency use, implemented 
by the controlling authority of -the keylist. The 
complete book of key cards may be issued to 
operating personnel to be listed on the watch- 
to-watch inventory. Each superseded card must 
be destroyed within 72 hours of its supersession. . ^ 
Covers, instructional sheets, and extra emer- 
gency cards should be destroyed with the last' 
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operational card In accordance with the jgulde- 
Unes set forth In CMS 4 (series). 

Traifflc Flow 

' Figures 15-6 arid 15-7 Ulustt-ate traffic flow 
from tlme-of-recelpt (TOR) of messages re- 
ceived on fleet primary ship/shore circuits^ 



for delivery to either a NAVCOMPARS or AUTO- ^ 
DIN jinterfaclng system. Figu re 15-& shows traffic 
flow for^a non-NAVCOMP'ARS equipped station, 
while figure 15-7 shows the traffitJ fl6,w for a 
NAVCOMPARS equipped statlop. ^ 

NAVCOMPARS and AUTODIN have become/^ 
the primary and often the only means by.whlcn 
1 ^ 
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Figure 15-6. — Fleet primary ship/shore traffic flow for, non-Nif^VCOMPAlRS equipped stations. 
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messages received on ship/shore circuits can 
be delivered to addressees and/or relayed to 
other NAVCOM VISTA for delivery by broadcast 
and ship/shore circuits. The reliability and 
speed-of-servlce of AUTODIN have been proven, 
and the automated message handling capabilities 
of NAVCOMPARS are further decreasing writer- 
to-l^eader times and manual message processing 
requirements. 

Messages transmitted on fleet primary ship/ " 
sho're circuits are in mixilfled ACP 126 format. 
Due tb propagation factors , afloat units may 
be required to make multiple transmissions to 
, enable the NAVCOM MST A to pbtaln a complete 
message. Therefore, mei^sages ' mi>y require 
further processing (or fixing) by the fleet primary 
ship/shore operators at the shore station tp^ 
. permit introduction of the messages ^into NAV- 
COMPARS/ AUTODINl 

Messages (both tapes and page copy) trans- 
mitted on electronic courier circuits from re- 
ceiver site buildlhgs niust^be in correct and 
proper format, ready for introduction into AUTO- 
DIN or N/YVCOMPARS without further prQcessing. 
At non-NAVCOMPARS equipped stations, errors 
in the critltjaL format line cause the Automati<J 
Switching* Cent^^^*^ Reject the • messages or to 
ge^(erate service messages informing the AUTO- 
/ DIN subscribers of errors. At this point, manual 
/ processing, such ^s tape fixing or service action, 
will be required. Other com'mon errors, such 
V as security Npfiismsitohes and errors in end-of- 
_ message or '^^rt-of-message functions, also 
cause messages to be rejected. At NAVCOM- 
PARS equipped stations, , errors in critical format 
lines or secyrity mismatches require 'manual 
Intervention and service action at the NAVCOM- 
PARS Visual Display Terminal (VDT), which 
unnecessarilj^elay message traffic. 

SECONDARY SHIP/ 
SHORE CIRCUITS 

Secondary ship/shpre is a CW, unclai^sified 
circuit, terminating with U. S. Navy or other - 
uiiderway ships on assigned frequencies. Ampli- 
fying procedures on the .use of CW and its 
. elements are locateH in ACP 124, ACP 121, 
ACP 1181, ACP 100, and ACP 113. Familiarization 
witli^^'th^se publications is important for all 
proispective CW operators. 

- As an unclassified circuit, secor^dary ehlp/ 
shore can pnly pass classified messages after, 
they have been off-line encrypted. Otherwise, 
circuit operatit^ procedures , are very similar 
to thQse df primary ship/shorei circuits. 
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The NAVCOMMSTA on the circuit is the net 
control station and should Impose strict circuit 
discipline upon all circuit us(&rs. All coordination 
transmissions should be. brief and to t^e point, 
using proslgnp from ACP 124 and operating 
signals from ACP I3l to the maximum extent 
possible. ^ 

iik * 

Although the advent of fadloteletype circuits 
has made the delivery of message traffic more ' 
efficient, the requirement for CW circuits has 
not b^n completely eliminated. CW communi- 
cations is this only way some smaller naval 
vessels have available t)o enter messages into 
the navil comrnunlcatlons system. Additionally, 
muny foreign vessels have only CW communl-' ^ 
cations available for* ship/shore and ship/shlp 
use. Also, CW circuits exist as emergency 
and contlhgency means of communications to be 
utilized as the backup to ORESTES ' circuits. 

The lack of CW use in the fleet has, caused a 
continuing degradation of training CW operators. 
.Whenever possible, advantage should be taken 
of in-port ti"alnlng circuits ^^nd fornial CW 
tra?inlng to expose n^personhel^tb these circuits. 

AUTOCAT AND . * 

MIDDLEMAN OPERATION \ / * 

At times, certain emlsslon^controi ^EMCON) 
restrictions prohibit the transmlssii3h of radio - 
frequency energy below thte 30 MHz range. There- 
fore, there is a rieed for a technique to provide 
uninterrupted traffic flow wlthou^vlolatlng the 
restriction© of EMCON. AUTOCAT and MIDDLE- 
MAN- techniques were developed whereby the 
range of tactical UHF circuits may be extended „ 
by relay of the UHF circuit via HF. In MIDDLE- 
MAN opera||on, an^perator in an aircraft copies 
the transmissions from the ship on a UHF 
circuit and manually retransmits them via an 
HF circuit. In AUTOCAT ope'ratlon, an aircraft 
is also used, but the communications equipment 
on board the ^ilrcraft receives the transpilssions 
via UHF and automatically relays tj>«fn via HF. 

AUTOCAT and MIDDLEMAN can utilize three 
different types of circuit configurations for re- 
ception and relay of UHF transmissions. One 
is a voice circuit where some units send and 
receive on one frequency, £^nd other units send 
and receive on any o other frequency. Another 
is a voice " circuit where all units transmit on 
one frequency and repejve on another frequency. 
The third way is a RATT circuit where all 
units transmit on one frequency anff receive on 
another frequency. 
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UHF/HF RELAY 



The UHF/HF relay method has been developed 
to permit long range uninterrupted communi- 
' cations during periods of hazardous electro- 
magnetic radiation (HERO). Typically, when an 
aircraft carrier is arming aircraft on toard, 
HF transmitters must be shut down to prevent 
possible detonation of the ordnance. In order to 



maintain its ship/pho're com)-n«inications, the 
carrier transmits/ to a relay ship via a UHF 
circuit. The relaying ship then retraqsmits the 
signal on an HF frequency oirctii| to a. terminated 
NAVCOMMSTA. An example .^y blodk diagram 
of a simple UHF/Hff voice relay ' circuit is' 
shown in figure 1^8. On-line radi«tejetype may 
,,be relayed as well W-Voice utilizinglthis system.. 
Specific instrihctions for technical procedures in 
this system can be found in NTP 4. 
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Figure 15-8. — UHF/HF voice relay. 
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. PIGEON.POST 

Aitother means o^^gj|insmlttlng or receiving 
message traffic during^ period of EMCON Is 
called, Pigeon Post. This is a term heard often 
throughoOt the Navy, bu| the procedure Is seldom 
used.* Pigeon Post involves physical trans- 
portation of messages via aircraft, in this 
operation, the messages are prepared In the 
form of precut teletypewriter tapes, the t#es 
are . cut and placed in bags with an Inverftory 
listing each message tape. The bags are flown 
ashore to a.. message center (COMMSTA, NTCC) . 
via al redraft, providing an efficient and reliable, 
nieans of point-to-point transmission. The time 
of arrival at the message cfenter is the time of 
•delivery (TOD) of the massage traffic from 
the origfina^or. ' ^ 

• . This procedure requires advance notitjcation^ 
to the COIV^MCENTER because of t!)e re- 
quirements to arrange aircraft flightp and set-up 
^time at the sftore based message center. The 
comm inlcatfior^ ' center ^ould arrange for a 
messenger tOfineet the aircraft and pick up the 
traffic frprfi -.the ship. After the communications 
center has received the messages, the center 
should send tfi^ ship a message acknowledging 
the messages. This message should provide 
the ship a time deliver]^ (TOD). 



FLEET FLASH 
NET^(FFN) 

The Fleet Flash Net is a duplex TSEC/KW-7CR 
covered Top Secret teletype net. It operates 
at 100 words per minute. The' net Is composed 
of Fleet Commanders in Chief ,^ numbered Fleet 
' Commanders (COMSE V&NTHFLT, COMr 
FIRSTFLT, etc), and Task Force ComTianders. 
Other commands may be designated to subscribe 
to the net as controlled by the FleetiQjpmmander 
i^/^lef. 

A command may be accessed to the Fleet 
..f^Iflash Net via landline, cable, or ship/shore 
circuit with a NAVCOMMSTA. The circuit may 
be extended to the Fleet Flash Net technical 
control console where it is connected to. the 
' other net members. The console is configured 
so that the technical control console operator 
•can switch" net members into the net after he 
receives a sjfenal from the net member. The 
circuit Is notffial^ly configured so that all stations 
on the net receive all traffic sent by all sub- 
scribers, although transmissions may be on 
a selective basis, depending on the needs of the 
"calling station. 



The main purpose of the Fleet Flash N)$ft Is td 
provide" communications between operational 
command subscribers. Normally; all messages 
transmitted on the Fleet Flash Het are of FLASH 
or IMMEDIATE . precedence. However, 9^ 
PRIORITY message of extreme importance may 
be sent if circuit Conditions permit. Messages 
pn the' Fleet Flash N6t should contain no njore 
than fifteen add^ssees and should be limited 
to no more than 150 groups. All transmissions 
on the net a^e preceded by ^ TSEC/KW-7CR 
phasing signal, which is the l9^nal to the technic^ 
control console operator tojgjvitch the calling 
station to all other stations on the net. * . 

The signal of the calling station will be routed 
through all ' subscril^ers of the net and back to 
the calling station. This route-back procedure 
is known as **hubbing." When the calling station 
receives its own signal b^ok on its ''receive" 
TSEC/KW-7CR, It is an^ipndi«ation that the 
proper connection has bgen made. Then, the 
calling station may proceed with its traffic- 
NTP 4 contains more information concerning 
the Fleet FlashNet. Detailed information may 
be found in NA.WELCOMINST C2303.6. (series). 



INTERFM COMMAND ^ 
SWKI^CHBOARD (ICSB) 

The Interim CSnimand Switchboard (ICSfi) 
is a manually operated interface between' Voice , 
radio circuits and telephone systems ashore.V 
ICSB (formerly called NORATS) can utilize HF 
or UHF frequencies. Because these frequencies 
are open to exploitation or enemy interception, 
ICSB J s restricted to unclassifledfcommanlcatlons 
of an official nature. Its main purpose is to provide - 
voice communications between naval commanders^ 
and their subordinates by ship/shore or 
air/ground radio facilities. The switchboards, 
are government owned overseas and commerci ally 
y leased within CONCJS. 

Interim Qommand Switchboards are ini^talledV 
at selected NAVCOMMSTAs, where a call re- 
ceived from forces ahoat and* airborne forces 
can be manually switched to local commercial 
lines, AUTOVON, or other voice radio facilities. 
If a call is interfaced to commercial lines 
involving tolls, the NAVCOMMSTA transferring 
the call pays the cost, using available operations 
funds. Only official calls from fleet or aifborne 
forces received by an ICSB may be transferred 
to commercial lines involving tolls. Personal 
calls involving tolls are not handled through 
IGSB. 
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Ship to Shoire IGSB . * 

A call "on the ICSB Is processed according to 
the precedence assigned by* the originating party. 
A ship should Initiate a call In the following man- 
ner: / , 

^4CSB f HIS IS (SHTP NAM-:) OVER'* 

After the IGSB operator replies, the ship then 
provides the ICSB operator wlth^he precedence of 
the call, thephonenurfiber (If known), and the name 
and activity of the painty being^called. The ICSB 
operator may complete the call on the same fre- 
quency a^ the call-lip was mad^ or may Inform the 
ship to switch to a more suitable working fre- 
quency.* ^ 

Short to Ship ICSB^ 

If a shore activity desires, to^ cx)mmu'nicate 
with a ship via the ICSB, th& shore activity 
should call the ICSB. and infoym them of what 
ship they desire to comjTiun^cate with. The 
ICSB should then send :a message to the shiA^ 
^ vi^ the appropriate broadcast informing the shi^ 
to comnfiimlcate with the ICSB for a call. The 
ship then should attempt to communicate via 
any assigned ICSB frequency for the completlpn 
of the call. 

'ICSB Frequencies ^ 

Frequencies for use in the ICSB network 
arre assigned by the eognlzant Fleet Commander 
In Chief and propiulgated by the COMMAREA 
NAVCAMS in Communications Information Bui- 
letinfe (CIBs). If the frequencies are not provided 
or not held, they^may be obtained via the Navy 
High C€^(nrnand World-Wide Voice Network (HI- 
COM), primary ship/shore, or -a full period 
termination. If the frequencies available are 
overloaded or not clear enough for traffic quality," 
additional', fr^que^les can be made available 
thTOugh coorcjinatlon with the NAVCAMS coh- 
cerned. / ^ , 

ICSB Security ^ ^ 

\ It Is reasonable to assume that the ICSB * 
frequencies are monitored occasionally. There 
is no voice security equipment provided in the 
ICSB system. It should be striessed to all users, 
of the ICSB, therefore, that conversations con- 
ducted via. this network should be limited to 
UNCLASSIFIED information. 

NAVY HIGH COMMAND WORLD- 
WIDE VOIOE NETWORK (HICOM) 

The HICOM Is an HF, single sideband network 
consisting of three separate voice nets on an 
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area basis. for world-wide coverage. The Chief 
of Naval Operations (CNO) has direct control 
over the HICO'M network.' As Fleet Commanders 
Inf Chief, CiNCLANTFLT, CINCPACFLT, and 
CINOUSNAVEUR maintain ^Dositlve control. over 
the. thr^e individually assigned nets. The Area 
Control Station Is operated by the appropriate 
Fleet^^Commander-in-Chlef,, or the commanlca- 
tionfe ' station serving his headquarters n^ay be 
assigned the responsitjility. In either case, the 
operational control remains with the Fleet 
^^mmander-in-Chlef. 

HICOM Net Membership 

The meml^rship of the net can be controlled 
by CNO or the Fleet Commander-ln-ChlM.. Num- 
bered fleet commanders, designated subordinate 
commanders, ^rcraft carriers, cruisers, and 
command ships are required to maintain a 
continuous guard on HICOM. In scddition, naval 
aiircraft with VIPs embarked and ships operating 
independently under special circumstances maiAi- 
\taliT;a. guard on the net. Any ship, station, -or 
activity may be designated to become a memf^er 
of the net at the discretion of the CNO W the 
Fleet^ Commander-in-Chieft^ 

Temporary Memt)ership 
of HICOM 

Units desiring t6 enter the net temporarily* 
must obtain- permission from the' appropriate 
control station, specifying the length pf time 
'and purpose for Centering the net. All ships, 
station^, and aircraft must be prepared for 
the requirement to communicate via HICOM, 
if directed, if equipment ' Is available. It Is a 
good idea for a ship to reserve one transmitter 
and receiver In a standby*' status set on the 
appropriate HICOM frequency to avoid time 
delays when the requirement exists. 

HICCqvi Net Operation 

Transmitter tuning Is not permitted on the 
HICOM net. Iffie transmitters should be pretuned 
and callbratedv In a dummy load. Final tuning 
can be completeiKduring live traDj?pla$iaa§^lvQga_ 
should be maintained If a continuous guard or 
listening watch is kept. The net may be utilized 
for unclassified FLASH or IMMEDIATE prec- 
edence operational voice traffic* This may' 
include ship/shore/ship commim'ications coordi- 
nation information in an emergency but only 
after other means to effect restoration of the 
circuit ^ath concerned have been exhausted. 
ACP 125 vol<^e procedures ^should be employed 
on the net. Under normal conditions, the net 
should notified>^^^the control station at least 
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five minutes j^lor to any impending frequency 
shifts. Amplifying rules of a pazticular net, 
should be prescribed toy the appropriate Fleet 

' (iommander-ln-Chlef.. 

■ • ■ ■ . ■ f . . _ • • 

HlCf6M Security 

Due to the long period of the existence and 
long usstge of HICOM the frequencies must be 
considered to be general knowledge available 
to forelgfr Intelligence. Bjecause the frequencies 
are. assumed to be so well known^ references 
to HICOM trequencles are always. transmitted 
In plain language (In the clear). Encrypting 
these, well known frequencies would tend to 
com^ro^nlse the code used. 

Authentication should be us^d to preclude 
deception. Maximum jise should b? made of secure 
Voice circuits Insteatj.bf HICOM when these voice 
cl^ults are available. ^Control .stations should 
enlbTbe strict circuit discipline o^er all trans- 
missions. TWb established Fleet Com^nander's 
BE^WINDO\M pjocedu^es must be utilized to 
-ehsure correct circuit operating procedures. « 

Call Signs 

' Shore stations should utilize their JANAP 119 ' 
call , signs on *the HK^OM net. Shlps^sHoifld 
utlllze^ jthelr dally ghanglng^ call signs, except 
V whejT White . Plnnaclfe ' Emergency Action Mes- 
jsages • (EAMs) ^re/ submitted. Aircraft should 
juse their bureau nui\i)Der (BUNO). ^ ^ * 

ifleet warning/ . " 
Jtactical uhf net 

The Fleet Warning/Tactical Net (277.8 MHz) 
Is guarded* continuously by all .U. S. Navy ethlps, 
except *subjnarlnes when underway Independently. 
If slilps al*e traveling In a group, the net must 
be guarded by at least one of the units. Coast 
Guard ♦cutters may use this net tO-CQpaAunlcate 
with Navy ships when required. /Thefrequency 
has proven to be useful In com^unlcatlngJwlth 
other Navy" ships for navigational pt^jpses during 
periods of reduced visibility, partTbolarlyv^pn 
entering or leaving port. The Navy also us^s the 
■.•lrfiquen.c>:^Qr.-lQcaL.ship/ fihnraJiar.bQr.i3Qr 
cations when required. 

Uses of Fleet 
Warnlng/Tac4;^al Net 

The Fleet Warning/Tactical Net may be used 
In any of the following situations: 

1. To establish communications between 
surface units or between surface units and air- 
craft. 



21 ^r promulgation (by the SOFA) of urgent 
warnings of natural disasters. ^ 

3. To pass any emergency traffic. 
^ ^. To pass ope^tlOnal traffic wh^ftK) cpitx- 
mon oommunlcatlonscapabljltles exist. f 

Guard and 

Operation of Net ' . - ' , 

Normally, the clrpuit lip guarded on t^e bridge* 
of -R shipj eithef as a loudspeaker watch or with 
full transmit capiabllity. Remote positions con- 
nected in CIC or main communications may be 
activated as ordered. The Fleet Warning/Tactical 
Net should be guarded by all submarines that are 
surfaced and in visual range of other fleet unlts^ 
The net is reserved for operational or emergency 
vofce traffic. Admliil strati ve traffic is not 
authorized on the Fleet Warning/Tactical Net. 

FULL PERIOD ' 
TERMINATIONS ' . 

4 "termination*', as used in the Co^nmunl- 
catldns community, is the connection of a clrcfilt 
beween two commands, A full period termination 
iB^ne that is dedicated and keyed full-time between 
•two commands on designated freo/endles. 

Senior operational, commanders normally havp 
a requirement to maintain a'fuli period termfna- 
iion. Usually, criteria for maintaining a fy^ll 
period^ terynlnatlon are bafied on the fact that 
traffic m%^ exqeed the- speed and* -capability 
of a primary ship/shore clrculti/T!^ese full 
period terminations may also be ^requested and 
maintained by other operational commanders and 
individual units during special deployments, exer- 
cises, or for training purposes. 

Types of 
Termli;iations 

^ There are l)asically two types of terminations. , 
One is the single channel radioteletype (FSK) 
termination. The other is the multlchanneVi;*adio- 
^teletjqje . (VFCT). termination. Both of these 
terminations may utilize radio path transmission 
or, if the ship is in port, landline. 

Termination Requests 

Under normal conditions, the request to 
establish a full, period termination should be' 
sent to the appropriate NAVCAMSal least 48 hours 
prior to the , desired activation time. If an 
emergency commitment exists, the request should 
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te sent expeditiously allow maximum 

preparation and coordination' at the terminating 
NAVCOMMSTA. The message format for a term?- . 
nation request is outlined in NTP 4, and must 
te used as a guideline for the preparation of 
full period termination requests. When the request 
is received at the NAVCAMS, the ship normally 
1^ assigned to a specific NAVC' >M:,ISTA by the 
NAVCAMS.^ The NAVCAMS also communicates 
With the sKlp to resolve any potential problems 
that may be encountered and coordinate the 
frequencies to be used on the termination. 

Procedures 

After local quality checks have been com- 
pleted, the full period termination transmitters 
receivers should be activated for a test 
jtween terfnlnated activities. This test shouia\ 
i,^ pface approximately 30 mJniites prior to 
planned activation time. The receiving station 
introls the frequency shifts of the, transmitting 
^station at both ends. Therefore, if we havq, a 
ship and^ a.NAyCOMMSTA terminated, the islflp' 
can instruct the NAVCOMMSXA to shift its 
transmitters from one frequency to anothfer. 
The NAVCOMMSTA can Mso instruct fhe ship 
to change its transm5.ttin|«requency if the receive 
signal at tfee NAVCOMMSTA is not at traffic 
quality. The frequencies available for shift are 
provided in a list from the;^4,^^AMS^(normally 
Via Communi(^Uonj5^IfifofmaJtia^ ^ 
circuit operating^ procedures"^!^^ k fulU period 
termination ar^'esseijtially syriilaT to.thoae of 
a primary. ship/sWre-iiet. The^exceptlon in the 
case of full p'eriod terminations is that an operatqr 
does not have tc\wait his turn to transmit out- 
going traffic with other stations on the netl The 
termination is between the ship and a NAVCOM- 
MSTA with no one else on the frequency. The 
majority of the incoming traffic of the ship will 
also be received via the termination instead of 
the . fleet broadcast. The ship will be assigned 
a seven-letter routing indicator: The first four 
letters derived from the NAVCOMMSTA termi- 
nated, the last three consisting of the last three 
lett^«^ of the international call signof Jhe ship. 
JNjertce, if the USS TRENTON (LPD14m(NEDG) 
Is iermlnated with NAVCOMMSTAW|g^E PR 
(RULGSAA), the routing indicator ow|^ ship is 
**RULGEDG." 

Single Channel 
(FSK) Terminations 

A single channel, full period termination on 
board ship should be set up as shown previously 
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* in figure 15-5. The circuit is jryptbgraphically . 
covered by TSEC/KW-7CR equipment. Two tele- 
typewriter machines are dedicated to the circuit: 
One for transmit and one for receive. The 
orypto gear must be tested back-to-back prior 
\o circuit activatioin. The shore station must 
test dts channels going vto and fronj the trans- 
mitter and receiver sites and check 'the complete 
circuit back-to-back off the air with a test 
from the fleet center. The shore station should use 
directional antennas whenever possible, and the 
technical control facility of the shore station 
must keep the transmitter and receiver sites 
informed of the position of the ship to provide 
proper antenna patterns. 

VPCT Terminations 

TJie number of- communications networks in\ 
operation throughout any given communications 
area is increa^^ing constantly. Until recently, 

, each network was required to operate on a 
clifferent frequency. As a result, the radio fre- 

/ ^uency spectrum be(Aame highly congested. 

MULTIPLEXING. — The multiplex system is 
used to increase the message handling capacity 
of radio or teletypewriter channels and the 
transmitters and receivers associated with them. 
This increase iavcapacity is accomplished by 
the simultaneous transmission of sjeveral mes- 
' sag^ over a comgion channel. The frequency 
**divis!on multiplexing telBtype terminal employs 
a number of tone channels, each slightly dis-- 
placed in frequency. 

- TERMINAL^ EQUIPMENT. — The variable fre- 
quency carrier telegraph (VFCT) terminal 
norma^y used afloat on a multichannel ship/shore- 
full p^^riod termination is the ;AN/UCC-1 shown in ^ 
figure 15-9. At the transmitting station, the 
Signals from the individual teletjjpewriters, known 
as channels, are multiplexed into one composite 
signal for transmission. The transmission with 
the multiplexed channels is known as a **tone ' 
package." At the receiving station, the composite 
signal (tone package) is demultipleiced (separated) 
into individual signals ^jid distribilted to separate 
teletypewriters, as required. The multichannel 
ship/shore configuration utilizing Ihe AN/UCC-J^ 
is known as the *'P" system (VFQT). The basic 
number of channels is 16 In the U.S. Navy 
frequency division tone multichannel system, but 
separate systems may be set up witlf fewer 
channels, depending on the requirements of the 
volume of message traffic. A multichannel VFCT 
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Figure 15-9.— Telegraph Multlpl^px 
^AM/UCC-1(V), 



120.26 
Terminal 



"P** system with thi^ee traflBmit^ and three 
receive channels Is^^shown In figure 15-10.' 



Many other -illustratiohs of ship/shore systems 
are providfjdJin NTIW \ ' 



There 'Se numerous t3npes of yPCTs thdt can 
he empl<^eU*.on a full period termination, all 
of 'which a:re capable of transmitting and receiving 
tron»-l to 16 channels. Among the s© are the 
AN/FGC-60, AN/FCC-67 , AN/FCC-56, 
AN/FCG-37., and the A^s^/FCCtSS. These VFCTs 
provide the means of minimizing fthe saturation 
of the , frequency spectrum. Therefore, ships 
with the' capabilities and reqi*i»rements of a 
VFCT full period termination should utilize one 
whenever possible. 



Circuit Outages 
and 9©storatlon 



There will always be occasions (especlafly 
in *hi^ frequency operation) when the messages 
on a circuit will be unreadable due to propagation 
factors. When the messages from a ship, for 
example, become unreadable or badly garbled, 
the shore station jShould log the circuit out 
and .notify the ship to stop sending (QBT). The 
ship should' th*fen commence sending a rest tape. 
At the shore station, the technical control takes 
oyer the circuit when it is logged out and has 
the responsibility of restoring the circuit to traf- 
fic quality. After the circuit has been restored, 
.(by frequency shifts, tuning, etc.), the circuit 



is patched back to the. traffic personnel who 
will ndjtlfy the ship to resume sending traffic. 
Also, the technical control -will notify the tiralffc 
section and the ship of the time the circuit 
was logged out, the time it was Jp'gged'back'in,. 
the reason for outage (RFO), and any other 
> pertinent information concerning the outage. If 
the circuit is logged out for more than one hour, 
a COMMSPOT report is submitted. 

commstat/comjvispot • s ' 

Reports ' . . ^ 

Ships maintaining a lyil period terminaticJS 
are to submit COMMS^TAfT ref)orts by prlorityv 
message kt 0001^ dally, unless otheirwlse 
directed by the' Fleet Coihmander in Chief or 
the NAVCAMS. .COMMSTAT^ re^wrtis are ad- 
dressed for action to the appropriate NAVCAMS 
and Injorm^ion to the NAVOOMMSTA on the ^ 
termination/ ^he 'message provides information 
concerning outages 6n circuits during the p reylous ' 
radlbf day. Th© message also Includes any broadr 
cast outage of more than fifteen minutes', pro-^ 
vidlng the frequencies copied during each six 
hour period of the. day and the position of tHe 
ship at the time of the report. .# 

4 COMMSPOT reports are submitted ' all 
ships when any unusual communications diffi- 
culties'* are encountered. .The COMMSPOT! 

* normally supplements Inforinatlon ^contained in 
the ICOMMSTAT report. Any ship may submit a 
COMMSPOT report if a special communications 
problem exists. Forlnstance, a.shlp experiencing 

. difficulty in copying ali broadcast fre%iemcies 
would send a COMMSPOT report to the area 
NAVCAMS reporting the problem and pos 3lble 
solutions. Examples of COMMSTAT and COMM- 
SPOT reports are found in NTP 4. 



I^ADIO EMISSION 
' DESIGNATORS 

Radio emissions are classified and S3mibol- 
Ized to identify the bandwidth occupied, the 
type of nipdulation used, the type of transmissibn 
used, am supplementary information. An 
emission designator tells what type of trans- 
mi s^on is authorized on a specific freqifency. 
The designator is always used in the frequency! 
usage report which is submitted by all operating 
forces of the Navy, Marine Corps, and all Navy 
shore activities transmitting on radio frequencies. 
OPNAVINST 2400.7 provides detailed information 
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^Figure 15-10. — Multichatiijel Ship/Shore *'P'» System. 
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concerning the submission of the frequency usage 
report. 

^ Below, we use the designator *'3A3J'» as an' 
example and break it dowii into parts: 

3 — Necessary bandwidth (3kHz) 
A — Type of modulation (Amplitude Modulation) 
3 — TyptB of transmission (Telephony) 
J— Simplementary information (Single side- 
band suppressed carrier) 

The parts of the emission designator are ex- 
plained more in detail below. • 



BANDWIDTH 



For a given class of emission, necessary 
bandwidth is the minimiim bandwidth sufficient 
to ensure the transmission of inforn;iation at 

C * 343 

\ * 



the rate and with the quality required for the 
systenri employed. The required bandwidth is 
expressed as the first part of the designator 
in kilQhertz (kHz). Formulas for finding band- 
widths are very detailed and may be found in 
Annex A to NTP 6, the Navy Spectrum Manage- 
ment Manual. 

TYPES OF MODULATION' 
OF THE MAIN CARRIER 

The following is a liApf types of modulation 
of the main carrier anIPthe symbol used in 
the emission designation: 

Type Symbol ^ ^ 

a. Amplitude A 

b. Frequency (or phase) 

c. Pulse p . 
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TYPES OF ^ 
TRANSiyilSSIOxV 

Here Is a list of the types of transmission 
thkt may be utilized and their corresponding 
symbols: 



*^ype^ 



Symbol 



a. 



b. 



a. 



f. 

g- 
h. 

1. 



'A\)sence of ^ahy r modulation intended 
. to carry infornjation 
Telegraphy/- without ' the use Qf a 
.modulatlr^^'audio f requepicy ^ 
^Telegraphy by the on^off ^eyil!^ of 
a modulating ^udio fiequency^or audio 
frequencies, or by the on-off keying 
of the modulated emission (Special 
case: an unkeyed .modulated, emission.) 
Telephony (including spund broadcast- 
ing) " 

Facsimile (w^ modulation of main 
carrier either jdirectly or by fre- 
quency modulated subcarrier) 
Tdl^ision (vision only) 
Four'-frequency diplex telegraphy 
Multichannel voice-frequency tele- 
graphy 

Cases not covered by the above 



4 
5 
6 

7 
9 



SUPPLEMENTARY 
CHARACTERISTICS 

Supplemental characteristics are added a& 
the last item of the emission designator. A 
list of the supplemental characteristics and 
their symbols is shown below: 



Characteristic 

a. Double sideband 

b. Single sideband - 
Reduced carrier 
Full carrier 
Suppressed carrier 

ctTwo indep^dent sidebands 
• d. Vestigial siSleband 

e. Pulse - \^ 
; Amplitude modulated \ 
Width Tor duration) modulated^ 
Phase {crrp9§ition) modulated 
Code modulated 



Symbol 

(none) 

A 
H 

J 
B 
C 




Re^ resentative 
Emission De^gnators 

The eftilssion designators listed in Table 15-1 
are examples of those used by the U.S. Navy. 



Some of the bahdwidth calculations are now under 
study by the International Radio Co5isul|iatlve 
Committee (CCIR) of the International Telecom- 
muHications Union (ITU) and will probably be 
revised at a future conference. 

More detailed information concerning fre- 
quencies and their emission 'designators may 
be found in 'NTP 4 and Annex A to NJP 6. 



TRANSMITTER AND 
RECEIVER TUNING 



All transmitters and receivers, should be 
calibrated to the frequencies called for in the 
appropriate frequency plans. During the calibra* 
tion, the antennas should be grounded a^ the 
transmitter should be tuned through all stages 
precedii^ the • antenna stage. When the finai 
tuning is completed using the antenna .stage 
,(on the air), the lowest possible power should 
be utilized. Usually, it is a good idea, that 
antenna tuning below 15 MHz be done aporfnd 
midday, and antennas for frequencies between 
15 and 30 MHz .be tuned after darkness. VHF 
and UHF transmitters may be tuned during 
daylight hours. The operator should remember 
to monitor the frequency desired pri^to tuning 
on it, due to the possibility of interfering with 
communications in progress on that frequency. 

The frequency of radio receivers (except 
crystal controlled receivers) on circuits with 
no or few transmissions must be checked with 
a frequency meter at least every four hours. 
After Vcallbration, the frequency of shipboard 
transmitters that are not utilizing crystal con- 
trolled or stabilized master oscillatdrs and that 
are being used frequently shoiild^be checked every 
four hours. A transmitter not in frequent use 
should be checTced each time prior to trans-- 
mitting. The frequency meters themselves should 
be checked"" at least once a week against the 
standard frequency broadcast, anji a log must 
be maintained for the checks conducted. 

TRANSMI'^TER TEStiNG 

Transmitter testing aboard ship should not^ 
take place unlil due consideration has been 
given to the radiation characteristics of the 
frequencies being used. Also to be considered 
is the power being used and the f&.ct that radio 
silence may be in effect. The senior officer 
present should control any transmissions made 
in port for test purposes. 
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TaWe 15-1, — Representative Emission Designators 



DESIGNATOR 



O.lAl 

0.28F1 

0.3F1 

0.6F1 

1.08F1 

1.24F1 



1. 
1. 
1. 
2. 
2. 
2. 



.24A7J 
.7A7J 
,7F1 
.04A2 
.85. Fl 
.8A3j 
3A3J 
3A7J 
3A9J 

4F4 
6A3 

6A3B • 

0a;b 

6A9B 

9A9B 

10A3 
12A9B 

16F^ 
30F3 
36F3 
80F9 
120F9 



Note (U. 

Note (2) . 
Note (3) 



Note' (4) 



> 



lyPEpf EMISSION 

, CU Manual Morse Telegraphy ^ 
60 WPM Single Channel RATT 
100 WPM Single Channel RATT 
60 WPM Single Channel RATT 
60 WPM Single Channel RATT 

100 WPM Single Channel RAtT 

100 WPM 4 Channels SSB RATT 
100 WPM 8 Channels SSB RATT 
6Q WPM 4 Chnl Time Div RATT 
1020 Hz Homer Beacon 
lOft.WPM 4 Chnl Time, Div RATT 
TeT^phqny (SSB) ' 
Telephony (SSB) 
100 WPM 16, Channels SSB RATT 
Simultaneous Telephony & RATT, 
Simultaneous Telephony & Data, all SSB 
Facsimile 

Telephone (DSB-AM) 
Tetephoner{DSB AM) . 
Dual' SSB 'Mylilchannel Telegraphy 
Simultanebus o'perations as indicated ' ' 
for 3A9J erriissi»H 

Three 3 kHz I^ntelligent^e Channels for 
SSB voice, 'Ti^egra-phy or Composite Transmissions 
Tel ephony. J|lSf : All^JVPrfl*dcak QjiSl i ty 
Four 3 kHj-^^ntelli'g&WdfejGlann/s. for - 
SSB Voice, 'Telegraphy alidilStiH^osite Transmissions 
Telephony ffM Narrow Band) ' ' 
Telephony (FM) V 
Telephony (FM) 

Multiplexed Telephony (FM) ^ 
Multiplexed Telephony (FM) " ^ ^ 

Actual atsignfed frequency utilized for tuRtng transmitters; offsetting 
and roundingioff proc«lures not employed^ 

The AN/SGC-jf produces 700 Hz and 500 Hz ma^k/spa^ce tones. 



PROPER USAGE 
AND REMARKS 

, Note (1) 
Note' 2) • 
Note (2) 
Note (3) 
Note (4) 
^ and (5) 
Note (4)- < 
and (5) .v 
Note 1 6) 
Note (7) 
Note hi) 
Note (11) 
Note (11)' " 
Note (8) 
Note (8) . 
Note^(8) 
Note ^(8) - 

- Note (9) •• 
Note (1.) 
Note (10) 
Note (10) 
. Note^(lO) 

Note (8) 

Note (11) • 
„ Note (10) 

Note (1) 
Note. 
Note (1 
Note (1) 
Note 



This dej«natoW indicates a radio frequency carorijer shift of + 85 Hz 
(totan no Hz s^hift) for mark/space signals. EquSi)ment limitaBons may 
require VLF shore stations to placfe the mark signk on4he aligned 
frequency and the space signal 50 Hz above the markS^a^lw^When CW 
keying is utilized, the mark signal (assigned frequency) is kej^pd/ 

The 'AN/WRT-2 type equipment produces 425 Hz tones in the LSB and USB to 
indicate a mark or a space signal. Therefore, the emission is centered on 
the suppressed carrier (dial ) frequency with a +425 Hz shift for mark/ 
space signals. Note that the^ suppressed carrier'^frequency is the same as 
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the assigned frequency. The 'AN/WRT-E xill be used only when frequencies 
^ , ^ ending frr whole kHz are employed due to th^ inability to tune the 
transmitter in other than whole kHz in the synthesized mode. 

Note (5> The AN/URC-32, AN/ARC-94, AN/URT«23, AN/URT«24, AN/Wf^C-l and the 

AN/SRC-23 type equipment produce 1575 Hz and 2425 Hz mark/space tones 
which are used to amplitude modulate the carrier before suppression. 
Subsequent suppression of the carrier, and elimination of the lower 
' » sideband, --^provides an emission which is centered on the assigned 

frequency,^ 2 kHz above the suppressed carrier (dial) frequ^cy, with a 
( ' ±425 Hz 5hift for rriark/space signals, No£e that the suppressed carrier 

V (dial) frequency sTjoCld be 2 kHz below the assigned frequency. 

Note {6) (l.ZAPili) This designator is assigned for single sideband, suppressed 

carrier, amplitude modulated emission with 1.24 kHz bandwidth afid is 
authorized for multichannel operation for channels one (425 Hz) through 
five (1105 Hz) of the ^avV Tactical; Multi-Channel VF.CT systems. Howevar, 
the fifth channel (channel 5) will "appear extremely. close to the upper^ 
limit of the band clearance. For- mdst terminations, four channels 
should suffice, with the fifth channel idl^d out but^vailable for use 
V if required, Jhe suppressed carrier i^r proper radftrfion of this 

^ * emission is as follows: For assigned frequencies ending in whole kHz,. 

the carrier is off-set 1 kHz below the assigned frequency; for assigned 
^ frequencies ending in ,5 kHz, the carrier 'is off-set .5 kHz below the 
assigned frequency. The transmitter is modulated utilizing USB- operation. 

Note (7) (1,7A7J) This designator is designed for single sideband, suppressed 

carrier, amplitude modulated emission with 1.7 kHz bandwidth and is 
authorized for multichannel operation for channels one (42'5 Hi) through ' 
eight (1615 Hz) of the Navy Tactical Multi-Channel VFCT systems. The 
suppressed carrier for proper radiation of this emission is obtained by 
, subtracting ,85 kHz from the assigned frequency and rounding off^the" 
resultant frequenV^j (.01 thr'ough ,05 kHz to the next lower t^nth kHz.-^^^ 
and ,06 through ,09 kHz to the next higher tenth kHz), The transmitter 
is tuned to the resultant frequency obtained and USB operation is 
utilized. 

Note (8) (3A3J, 3A7J, 3A90, 9A9B, 2.8A3J) A single sideband, suppressed carrier^-, 

amplitude modulated emission occupying 3 or 9 kHz of the spectrum. 3A'3 J" 
emission is authorized only for SSB telephony. 3A7J emission is 
, authorized only for multichannel RATT, 3A9J emission is authorized pnly ^ 
for simultaneous transmission of voice and data or data and telegraphy,^ ^ 

(Alternate use of 3A3J or 3A7J emissions is not authorized for 3A9J^ 

transmissions. ) Frequencies assigned 9A9B emission are authorized for 
transmission of three independent 3 kHz intelligence channels 
containing voice, multichannel, telegraphy, and composite voice and data ^ 
or data and telegraphy emissions. If all channels within a particular 
composite multichannel RATT signal are not keyed, the necessary 
bandwidth actually oQcupied by the multichannel signal will be 
dependent upon how many and which specific channels are used. Only the 
3A7J designator should be used to indicate multichannel HF SSB emission. 
The suppressed carrier for».^iroper radiation of 3A3J, 3A7J, 3A9J, and 
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Table 15-1. — Representative Emission Designators — Continued 



Note (9) 
Note (10) 



r 



Note (11) 



9A9B emissions is obtained by subtracting 1.5 kHz from the assigned 
frequency and rounding off the resultant frequency {0.1 through 0.5 to 
the next loyer whole kHz and 0|6 through 0.9 to the next higher whole 
kHz). The transmitter is then tuned to the freqdjency obtained and USB 
operation utilized for 3A3J^ 3A7J, ahd 3A9J enrfssions. Bc^th upper and 
lower sidebands are utilized for" 9A9B emission's. 2.8A3J is 
authorized -only for SSB telephony, occupying a bandwidth of 2.8 kHz. 
It is identical to t+ie ,3A3J emission except for. transmitter tuning 
proGedur*es. The suppr^sed cjirrie^ for proper 2.8A3J emission lis I 
obtained by subtractirig 1.4 kHz ff^om the assigned frequency and 
rounding off the resultant frequency as described above. The 
•transmitter i-s tuned to the frequency obtained and USB operation is 
utilized. l\ . \ \ . 

A 4 kHz frequency or phase modulated facsimile emiss\ion. The transmitter 
must btf ^CBt ied 2 kHz below the assigned frequencvr forWuthorized 
transmission of a 4F4 emission. / / \ 

i . \ : 

(6A3B, 6A7B, 6A9B, 12A9B) Dual sideband, suppressed ca)-rier, amplitude 
modulated emissions occupying 6 or 12 kHz o,f spectrum J 6A3B emission 
is authorized for two independent 3 kHz voice channeis. 6A7B is 
authorized only for two independent 3 kH^ channels radiating multichannel 
telegraphy transmission* 6A9B emission is authorized only for two'l 
3 kHz channels radiating composite transmissions as explaifled in the 
case of the 3A9J emission. i2A9B emission is authorized only for foun/^^ 
independent 3 kHz channels radiating voice, multichannel telegraphy;'^' 
or composite transmissions. The s,uppressed« carrier for proper ^ 
transmission of 6A3B, 6A7B, 6A9B, andl^2A9B is the same as the assigned 
frequency*. . , ' *v 

To ensure proper procedures are followed when'^ransmitters are tuned 
for'various emissions, operators must refer to appropriate technical 
or operator manuals for the equipment being util ized. All emissions 
must 0fe centered on the assigned frequency. Those emissions which 
cannot be- centered exactly on the assigned frequency due to equipment 
tuning limitations should be' centered as closely as possible. 



V 



fc 




Transmitters ashore should be checked as 
frequently as Is nece8sarjr__to_xnsu^e--t:Q^ 
jadjustmonta- — te — aotfiorlzed frequencle/ and 
tolerances. ' ^ I 



FLEET*SATELL,ITE 
COMVIUNIGATIONS 



Satellite Communications has* glvpn the Navy 
an exp^inded capa*blllty to meet Increasing re- 
quirements of command, control, and the support 
of Its operating forces. Communications satellites 
have Jbecoms the primary over-the-horlzon, 
p o 1 n t-to-polnt, ship-to-ship, ship-to-shore. 



^hgre=to-ehip7'lina broadcast transmission sys- 
tems. Navy tactical and strategic ct)mmanica- 
tlons operate In the UHF, and SHF frequency 
bands. The Navy also operates ground t<ermlnals 
in support of the Defense Satellite Communi- 
cations System (DSCS.) 

Satellite communications will not replace all 
existing means of radio communications; however; 
it is a major step in m(Xiernlzlng Navy com- 
munications and will relieve the I^avy of its 
iotal dependence on HP radio transmissions. 

The Navy satellite systems are employed 
to the maximum extent possible within the life- 
spans' of the spaceciraft. Usage of frequencies, 
bandwldths, and power is established on apriority 
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basis. The Naval Telecommunications Command 
has published specific operational procedures 
for the various satellites in NTP 2, 

UHF SATCOM 

**N'«^SYSTEM ' ' . ^ 

The UHF shipboard SATCOM ''N" system 
is sinillar to the description of the Fleet Multi- 
channel ''N" Sy^em for LF/MF/HF previously 
discussed, except for the type -of reception and 
the receiver (AN/SSR-i) used. The function of 
the AN/SSR-i is to receive fleet .multichannel 
teletypewriter broadcasts 'which are trani^itted' 
from a ground, station and relayed to naval 



vessels 
sists of I 



satellite. The receiving system con- 
four antennas arid amplifiejr-converter 
conribiner-demodulator unit, *and a de- 
r unit. The antenna and amplifier- 



units, a 
multiple 

converter units are mounted above deck, and the 
combiner-demodulat^ -Xpd demultiplexer are 
mounted in equipment racks in the radio spaces 
below deck. 



Receive System 
Signal Flow 



I, 



Refer to figure 15-11. In thijs pystem Ihe 
transmitted carrier ' may be frequency modu- 
lation *(FM) or phase-shift keyed {PSK) modu- 
lation. Selection of the applicable .cremodulation 




Figure 15-11. --Receiving Set, Satellite Signal AN/SSR-1^-- relationship of units. 
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nijode Is accomplished manually by the operator 
at the AN/SSR-l receiver. The receiving an- 
tennas ior ,thls system are fMDSltloned 'about 
the ship in such a manner (normally one in each 
quadrant of the ship) that at no tinjs is the 
llne-M)f sight blocked between th^ relay satellite 
and one or more of the antennas, Each amplifier- 
converter is located within 10 cable-feet of 
its associated antenna. The IF signal frqpi 
each amplifier-converter is j^outed below deck 
combiner-demodulator. The operating 
^nd local-oscillator signal are coupled 
the combiner-demodulator to each 
r-corrverter via the same twin-axial cable 
thie IF signal. Because^f signal path 
>ns, shading, and reflections, the four 




from 
amplifle 
used 
variati 



IF signals are subject .td random phase and . 
amplitude variations. The' combiner operation - 
performed within the combiner-demodulator re- 
moves the phase variations fronfieabh input signal, 
weighs the amplitudes of the signals for optimum 
combining, and then sums the signals. After being 
combined, the signal is demodulated and coupled 
to demultiplexing equipment. JVhen the equipment 
is operating fin the FM m«oap, the output of the 
combiner-demodulator is. coupled viathe receiver 
transfer switchboard to the AN/UCC-1. The re- 
maining portion of ^he system is the same as 
that describjed for the LV/MF/HF *VN" systerriiV' 

For more infornciatiori on Satellite communi- 
cations, refer to NTP 2, Navy Satellite Operations. • 
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\CHAPTER 16 

DISTRESS ^OMMUnIca^ONS 



To promote safety at sea and in "the air, 
methods of communication have been developed 
for use in time^ of distress. Distress mel^sage 
traffic is best clfescribed as all communication's 
relating to th^ In^edlate assistance required t^y 
a mobile station tri distress; Distress trifle has 
priority over a.\i other traffic. All Navy 90m- 
munlcators should be fanalliar with distress 
signals In order to propferly evaluate their 
meanings and, take appropriate action when 
necessary. 

If ships sailing independently become Involved 
in a distress situation, the Radiomen ■ onboard 
gt^ould send distress messages on normal 
operating encrypted cfrcuits that are maintained 
While underway. If tlje need for assistance out- 

, weighs s^urlty ctjfisicjerations, the Navy ship 
may send an unclassified distress message on 
one ,of the national or International distress 
frequencies. When it is traveling in company 
with other ships, the ship In distress should 
transmit the distress message to the Officer 
Ih Tactical Command (OTC) who will take ap- ^ 
propriate action. 

Naval aircraft 'use normal tactical or air- 
route military/clvtllan circuits foi: distress com- 
munications. If difficulty exists while these 
circuits are being used for conimunications, 
the aircraft In distress should shift to one of 

^the ^rcraft distress frequencies listed in the 
following section of this chapter. 

DISTRESS FREQUENCIES 

Several frequencies in different bands are 
designated for the transmission ^of distress, 
urgency, safety, or search and rescue (SAR) 
ntegsages. All Radiomen must know the specific 
^ffequencies and understand their use. 

The following frequencies have Iteen designated 
for use during distress or emergency: 



500 kHz — International 
and calling. 



CVV'/MCW distress 



2182 kHz — International voice distress, safety 
and calling. 

8364 kHz — International* CWS/M"G\y lifeboat, 
liferaft, and survival craft. - , 

121.5 MHz — International voice aeronautical 
emerger\^, 

156.8HlHz — FM United States voice distress 
and international voice safety and calling. 

243,0- MHz — Joint/ Combined military voice 
aeronautical emergency and international survival 
craft. 

During search and reScue (SAR) m/ssions, 
the following' frequencies^^re authorized for use: 

3023,5 kHz and 5680 kHz — International 
search and rescue frequencies for the use of 
• all mobile units at the scene of a search and 
also for use of sljore stations to com»nuni€ate 
with aircraft proceeding to or from the scene of 
search. CW or voice emission Is authorized! 

123.1 MHz — International worldwide voice 
. search and rescue use. 

138,78 MHz— U, S, military voice search and 
rescue on-the-scene use. This frequency is also 
used for direction finding (DF), I 

172,75 MHz— U. S, Navy emergency sonobuoy 
communlcatipns and hqpiing use. This frequency 
is monitored by all IT, S, ' N^iyy ASW aircraft 
while assigned to a SAR mi^^on. 

2g^,8 MHz — Joint/ Confined on-the-scene 
voice Wd direction finding (DF) frequency used 1 
throughout NATO, t ' 

IS/bte that 500 kHz Is used in times of distress, 
and it also is the international calling frequency. 
In routine radiotelegraph communications, mer- 
chant ships contact each other on 500 kHz and 
then shift to a * 'working" frequency. To make 
sure that other uses of 500 kHz will not interfere 
with distress traffic, two, silent periods are 
designated. These periods are for 3 minutes 
each, beginhing 15 jninutes after each hourimd 
15 minutes before eafeh hour (X:15 and X:4S.)| 
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^ip clocks in radio spaces usually have these 
6 S-mlnute segments of- the clock face palnted^j 
red to remind operators of silent periods to 
be observed. Except for actual distress messages, 
all traffic ceases at these times on frequencies 
between 480 kHz and 520 kHz. This procedure 
is applicable in all International Telecommuni- 
cations Union (ITU) regions of the world. (See 
figure X6-1.) 

The control of distress message traffic on 
of the designated frequencies Is the responsi- 
OTlity of the station In distress, but this station 
may delegate its responsibility to another station 
on the frequei^cy. In distress cases^ involvlpg 
civil aviation, the control of the distress traffic'' 
is the responsibility of the station addressed in 
the distress message. ' . 
ifife^The station in control of the distress traffic 
ap^Cdlgtr^ss fri^ej|C>|rfma>^^ silence on 

^lliPlWete any station 

^^^ferfering with the distress traffip. The form 
_of the signal sent via CW is **QRT SOS,'* 



and the, voice signal is STOP TRANSMITTING — 
MAYP^.'^ > / ^ 

DISTRESS 
^ WATCHES AFLOAT 

Navy units at. sea have always practiced the 
tradition of maintaining listening watches on 
distress frequencies. At a minimum, a listening 
watch should be kept on 500 kHz during working 
hours. For ships copying one-operator periods 
on a Fleet Composite Broadcast, working hours 
are considered to be the satne times of the day 
\the broadcast is copied. For ships wit^jt two or 
more broadcast operators, working hours a^e 
(considered to be continuous. Whenever pers imiel. 
arid equipmsnt conditions permit, a continuous 
guard or cover should be maintained on 121.5 
MHz and 243.0 MHz, with listening watch 
kept on 8364 kHz. The commanding officer 
of a ship traveling independently or the officer 
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Figure 16-1. -ITU World Regiotis. 
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in tactical command (OTC) of ships in company 
, should ensure these watches are kept, providing 
th'at traneinitting and receivir^ equipments are 
available. If the cpmmanding officer or the OTC 
believes that maintaining these watches wili 
interfeiH with the military effectiveness of the 
.ship(s), he may exempt the watches. The OTC 
of ships in company may also divide the disfi^ess 
frequencies amon^he ships in his group so that 
all frequencies are covered and no single ship 
is tasked with the entixe--tii stress frequency 
guard, 

METHODS OF f 
TRANSMISSION 1 

The components of distress- message traffic 
include the alarm signal, the distress signaU 
the distress call, and the distress messa^^ 
Figupe:::^-2 describes the composition of each 
component. 

Any ^station that hears a distress call must 
immomately. cease all transmissions capable of 
interfering and continue to listen on the fre- 
quency on which the distress call was heard. 
The call-up in distress traffic is nornmiVly a 
general call and is not addressed ^^mry par- 
ticular station. distress message must \)e 
repeated at intervals, especially during the 
perfods 9f silence. The alarm signal also may 
be repeated, if necessary. There must'^bean 
interval Of time between the transmission of 
/Ihe alarm signal and the distress message to 
4II0W stations preparing to reply to operate 
their transmitters. ^ 

Jf a ship or aircraft in distress receives 
no^ answer to its distress message on a distress 
frequency, t^e message mi>y be repeated on any 
other available frequency on which attention 
jnay attracted. Immediately prior to the 

total abandoupi-^nt of a ship/airc^raft and before 
a crash landing of an aircraft, the radio equip- 
ment on board should be set^for continuous 
emission. ^ W 

r 

ACKN'OW LI' 
RHCEH^T 

A mobile station (a ship underway) which 
learns that ahother mor)ile station is in distress 
may transmit a di^stress message if the station 
in distress is not in a position to transmit the 
message. A]^, a station that is not in distress 
and is not in a position t»lend assistance may 
transmit the distress nu^ssaft^. I'hiJ? may t>edone 
when this station has heard jI distress message 



that has not been aclcftowled(?ed or when the unit 
that ihtervenes believes more help is necessary^ 

Stations that receive a distress message from ( 
a mobile statlon^which is definitely In their 
Vicinity mast im|B|jLately acknowledMj^epeipt. 
This rule is flexSI^Mepending on the^^ajjiility 
of the transmitter at thd receiving station and 
whether or not radio silence periods are in 
effect. Care must be taken to avoid Interfering 
with the acknowledgement transmissions that 
are being sent by'other stations. 

Stations of the mobile service wiych receive 
a distress message from a mobile station that 
is definitely not in their vicinity must-allow^ 
a short interval of time before acknowledmng 
receipt of the message. This is to permit^e 
possibility of a station nearer to the distressed 
station to answer and acknowledge receipt with- 
out undue interference. 

The message format for acknowledging receipt 
of a distress mer^^ase is shown in figure 16-3. 

FOLLOW- TP . ■ f- 

MFSSAGFS V ^ ' 

Fver^, mobile statioh which acknowledges 
receipt of a distress Message must, on'\the 
order hi the commanding officer, transmit as 
soon is possioha^xhe following information in 
the order shown; 

1. Its own identification. 

2. Its o^^n position. jr 

3. The speed at which it is proceeding 
towards tne mobile station in distress, and 

e approximate time it will take to arrive at 
e position of the distressed station. 

4. The true bearing of the unit in distress, 
if TCailable, when the position appears doubtful. 



tQ\ 

ttTe 
tMt 



VVIien the foUow-ap message is sent, caution 
must t)e exercised to ensure that the trans- 
mission of this message does not interfere with 
other stations that are t)etter situated to com- 
municate with, and lend assistance t^, the statior 
in distress^> 

\ 

CESSATION OF 
DISTKFSS THAF FIC 

When .tJ*e distress traffic has he^n corupfeted 
or , when silence on the frequency -used for 
clistress traffic is no longer required, the 
station which has the contrql of the distress 
traffic should transmit a rpessage addressed to 
all stations, indi cating that normal' traffic may 
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Chapter 16 — DISTRESS COMMUNICATIONS 



COMPONENTS OF DISTRESS TRAFFIC 



Component 



Alarm 

Signal 



Distress 
Signal 



Distress 
Call 



Distress 
Vfessage 



Direction 
Finding 
Trans- 
mission 



EKLC 



Description 



Precedes the distress call to operate automatic alerting 
equipment. In radio telegraphy the alarm signal is 
followed in order by the distress call, an interval of'' 
two minutes, the distress call again and the distress 
message Jn radio telephony the alarm signal (when- 
eveV possible) is followed in order by the distress 
c^ll and the distress message. 



Indicates that the unit sending the signal is 
threatened bv grave or imminent danger and re- 
quests immediate assistance. It must be sent before 
the call and^at the beginning of the preamble of any 
distress message. 



Combines the DISTRESS SIGNAL with the call 
sign of the calling station. It is sent only on the 
authority of the person in command of the unit 
carrying the mobile station. Has absolute priority 
over all other transmissions. It must not be ad- 
dressed to a particular station nor is acknowledge- 
ment or receipt to be given before the distress 
message which follows it is sent. All stations 
hearing the DISTRESS CALL must immediately 
cease any transmission capable of interfering with 
the distress traffic. They shall continue to listen 
on the frequency used for emission oLKhc 
DISTRESS CALL. 



Gives the details of the distress situation. Must 
follow the DISTRESS CAy. as soon as possible. 



Composition 



CW: 

' A series of 1 2 dashes sent in one min- 
ute. £ach dash is 4 seconds long with 
a 1 second interval in between. 

Voice : 

Two sinusoidal audio-frequency tones, 
one of 2200 Hz and the otHer 1300 Hz 
transmitted alternately, Eacn tone 
250 milliseconds long. * 



CW: 



SOS 



Voice: 

"MAYDAY' 



CW: 



1 . DISTRESS SIGNAL SOS transmitted 
three times. 

2. Prosign DE. 

3. The call sign of the mobile station in 
distress, sent 3 times. 



Voice: 



DISTRESS SIGNAL "MAYDAY*' 
spoken three times. 
Proword "THIS IS" (in case of 
language difficulty DE, spoken ' 
' DELTA ECHO, may be used). 
Call sign or other identification of 
the mobile station in distress spoken 
thiiiAtimes. ^ 



. The distress signal "SOS" or "MAYDAY* 
Name or other identification of the ship, 
aircraft or unit in distress. 
Particulars of its position*, the nature of 
the distress, and the kind of assistance 
required. 

Any other information which might 
facilitate the rescue. 



•'NOTE As a general rule, a ship signals its position in latitude and longitu de usi ng degrees and 
minutes suffixed by nqrth, south, east, or west. In CW. the signal AAA is used to 
separate the degrees from the minutes. If possible, the trut bearing and the distance (in 
nautical miles) from a known geographic point should be^iven. 



A transmission sent immediately after the DISTRESS 
MESS'AGfv. This permits DF (direction-finding) 
stations to fix the position. This transmission will 
be repeated as frecjuently as re(]uired. In radio- 
telephone procedure the DF transnussion is made ■ 
only on re(]uest. 



CW 



Two clashes of af^proximately I 0 seconds 
each followed by the stations ca'll sign. 



Voice: 

Suitable signal as re(]uested followed by 
the station's call sign or other identifica- 
tion. ■ ' 



P i^re 16-2. Components of Distress Traffic. 
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RAPIOMAN 3 & 2 




Acknowledging Receipt of a Distr^'f^^essage 



2. 



tw 



1. Call sign of the station sending the 
distress message sent three times. 



^osign DE. 



3. Call sign of the station acknowledging 
receipt sent three times. 



4. .Group RRR. 

5. Distress signal SOS. 

6. .Prosign AR. 



VOICE • 



Call sign or other identification of 
the station sending the distress mes- 
sage spoken three times. 

Proword THIS IS (or DE^poken as 
DELTA ECHO in case of /language diffi- 
culty), f 

Call sign or other identification of 
the station acknowledging receipt 
spoken three times . 

The proword f^CEIVED (or RRR spoken as' 
ROMEO ROMEO ROMEO in case of language 
difficulty) . 

Distress signal . 

Proword OUT. 



Figure 16-3. -Acknowledging Receipt of a Distress Message. 



resume. If, for ^me reason, control of the 
(distress traffic has been delegated to a station 
other than the station in "^distress, the unit in 
distress - should notify the controlling station 
when silence is no longer needed. The station 
in control of the traffic should then notify all 
other stations that normal traffic may be re- 
sumed. The message format for cessation of 
distress traffic is shown in figure 16-4. 

URGENCY SIGNAL 

The urgency signal is used as an indication 
th^ the transmitting station has a very urgent 
message .to transmit concerning the safety of 
a ship, aircraft, or personnel. With the ex- 
ception of actual distress signals, the urgency 
signal has priority over all other commiini- 
cations. All stations that hear an urgency signal 
must not interfere with the transmission of the 
message that will normally follow. 

The urgency signal can be transmitted only 
on the authority of the person in command of 
the ship, aircraft, or other unit that is in 
danger. The signal can be sent to all stations 
or to a specific unit. As a general rule, the 
message following an urgency signal is in plain 



language. The CW urgency signal is composed 
of the group XXX sent three times before the 
call. The voice equivalent for the urgency signal 
is the word **PAN'' sent three times before^ 
the call. ^ 

URGENCY SIGN AX. $ 
PROCEDURES ^ 

A mobile station on hearing the urgency 
signal must continue to listen on the same 
frequency for at least 3 minutes. If nothing 
further is heard during this period, a shore 
station should be contacted and advised of the 
receipt of an urgency signal. After this noti- 
fication, normal com-nanications may be resumed 
on other frequencies. 

When an urgency signal has been sent prior 
to a message addressed ^*To All Stations" 
(CQ) calling for action to be taken by the 
receiving stations, a cancellation message must 
be sent to all stations when the required action 
has been taken. 

SAFETY SIGNAL 

A safety signal is sent as notification that 
the transmitting station is about to send a 
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Messuage Fonnat for Cessation of Distress Traffic 


CW ' . 


VOfCE 


1, DISTRESS SIGNAL SOS. 

Call CQ ("to^all stations,") three 
times. /, 

3. ^rosign DE. 

4. Call sign of the station sending the 
message (sent once). 

5. Time of handing-in of the message. ! 

6. Identification and call sign of the 
mobile station which was in distress. 

7. Operating signal OUM ("Normal working 

may be resumed" ) . 

. 8. Prosign AR. 


1. The word "MAYDAY" 

2. The call "HBILO ALL STATIONS" or CQ 
(spoken as CHARLIE QUEBEC) spoken 3 
times . 

3. The prowdrd "THIS IS" (or DE spoken as 
DELTA ECHO in case of language 

' diff i£ul ties) . 

4. Identification of the station trans- 
mitting the message (sent once). 

5. The time of handing-in of the message. 

6. The identification of the mobile sta- 
tion which was in distress. 

7. The words "DISTRESS TRAFFIC ENDED" 
(In the maritime mobile service usej 
the words "SEELONCE FEENEE" ("SILENCE 
ENDED") instead). 

8. The pi^oword OUT. ' 

/ 



Figure 16-4. ^ Message Format for Cessation of Distress Traffic. 



message concerning the safety of navigation 
or providing important meteorological vvarnings. 
If operators hear a safety signal, they must 
continue to listen on that frequency until they 
are sure that the information is of no interest 
to them. They must also refrain from any 
transmissions that may interfere with the safety 
signal. 

The CW safety signal consists of the group 
TTT. sent three times before the call. The voice 
safety signal is the word SECURITE (say-cur- 
i-tay) sent three times before the call. 

MERCHANT 
SHIP DISTRESS 

Mercharit ships use SOS procedures in distress 
messages to summon assistance during normal 
murine disasters such as fire, collision, or storm 
but not as a warning of enemy action. 

In wartime, five signals are used by merchant 
ships to indicate distress due to enemy action. 

bob Q ^ 



The distress signals are shown in the following 
list: 



Class of 
Distress 

vVarship 
raider 

Armed 
merchant 
ship raids 



Aircraft 



Mine 



Distress 
Signal 

WvVvVvV 



QQQQ 



Submarine SSSS 



AAAA 



MMMM 



When Used 

On sighting or when 
attacked by enemy 
warship. ^ 

On sighting or when 
attacked by armed 
merchant ship 
raider. V 

1 

On sighting or when 
attacked by enemy 
submarine. 

On sighting or when 
attacked by enemy 
aircraft. 

On striking a mine. 
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RADIOMAN .3 & 2 



DISTRESS WAT.CHES 
ASHORE 



NAV^COMMSTA i3 known to be ''6p\n to 
pulJlic correspondence'' when it is authorized to , 
operate ship-to-shore circuits to handle cqm- 
mercial naessage tr,affic with nnerchant shibs. 



/ 




These NAVCOMVISTAs must maintain (as a 
minimum) a continuous receiver watch on 500 kHz, 
being particularly alert during the silent periods. 

All naval air activities that have a VHF/lfJHF 
tower commanicafions capability nrrnst guard 
121.5 MHz and 243.0 MHz. 




\ 
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CHAPTER 17 

COMMERCIAL TRAFFIC 



J 



j Naval communications^ does not compete with 
pmvately owned and operated commercial com- 
muTiicatlons companies. By terms pTthe Com- 
munication Act of 1934, however, the NavV is 
authorized to use its radio stations for receptifc 
and transmission of pres^ messages and private' 
commercial messages between ships, between 
ship and shore, ^nd between shore stations 
and privately operjtted iships whenever privately 
owned stations a^ incapable of meeting com- 

crmunications requirements. j 
* Instructions contained in NTP 9 6over the 
handling by U.S. naval communications of all 
commercial communications, including official 
government traffic -involving tolls, and unofficial 
traffic involving or, not involving tolls. These 
Instructions are baged ^jpon the International 
Telecommunications Convention, 'Ceneva, 1959 
and the Telegraph Regufifct^ns, Geneva, 1958, 
The Communication Act of 1934, the Western 

' Union rate and rule books, rules and regulations 
of the Feder^J:--^Com muni cations Commission, 
and a{)Rliqable De^rtment of Defense (DOD) 
publication^ and instructions are other basic 
/documentsr usefe in prep^ing NTP 9. 

The policy of the Department of the Navy 
in the handlir^g of commercial traffic^^ie- that: 

*/Ev^ry effort will be made to provide 
tihieU^ delivery of commercial traffic on 
an as soon as practicable' basis, How- 
evei\i it shall not take precedence over 
official Government traffiq^ NdiMh- will 
guaranteed delivery nor specific^lelivery 
times be assured or implied*" 

Tlje above statement should tie brought to the 
attention bf all senders prior to the acceptance 
of qonmierGi^ traffic, S 

i COMMERCIAL 
TRAFFIC CLERK 



to 



Each Navy ship, station,' or activity authorized 
handle commercial traffic' or to receive 



pelt'sonal messages^/JlSr ^'ransmission via naval 
communications ^Kould designate a commercial 
traffic clerk. The commercial traffic clerk is 
designated In writhig by the commanding officer. 
Usually, the commercial traffic clerk is an 
experienced Radioman but is not necessarily 
\the senior Radiomin aboard. 

\ 

\ The commercial traffic clerk handles all 
the^ commei;cial traffic "funds and prepares all 
reports concerning the traffic. He is not required 
to b^ bonded unless it is required by the Com- 
manoer. Naval Telecommunications Command. 
A short ^^ummary of duties performed the 
commerci^ traffic clerk follows: , 

1, To maintain a coqaplete file of all com-, 
mercial messages acceptfed^ for transmission. 

2, To keep a complete file of all incorihlng 
commercial messages and alKofficial Govern- * 
ment messages, received from sources other 
than naval communications, for abstracting pur- 
poses/ 

3, To maintain and^ unde>stan^ all in- 
structions and mareivials concerned wiJkh handling 
commercial traffic, , including rate ^eets, bul- 
letins, publications, iind forms. 

) 

( 

4, To collect proper charges and safeguard 
funds collected and in his custody, 

5, ^To, prepare p\escribed rM)orts correctly 
and on time, forwar"ding them w -the communi- / 
cation officer for review, I I 

The duties of tjie commercial .traffic clerk 
are perforijied under the supervision of the com- 
munication officer. The commWcation officgr 
reviews all reports and correspondence prep arecP 
by the commercial traffic clerk, forwarding 
them to the commanding officer for signature* 
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RADIOMAN 3 & ^2 



COMMERCIAL 
TRAFFIC FUNDS 



I 



Naval commercial traffic funds should be 
kept separate from all other funds. The records 
of these funds should be inspected monthly, 
and upon relief of the commercial traffic clerk,' 
by. a board consisting o^ two officers or senior 
enlisted personnel. One of the inspecting person- 
% nel should be from the supply department, if 
the personnel are available. This inspection 
s>Duld include an audit of all accounts and a 
verification of the cash balance and rates used. 
If there is an irregularity in the accounts, the 
report of the inspection shouia^ be forwarded 
to the Commanding Officer. Navy Regional 
Finance Center. Washington. DX:, via dtficial 
channels. The report should include endorse- 
ments showing what action has been taken or 
recommendations, if any. 

Reports showing no irregularities are re- 
tained for at least one year. The original copies 
of records may be called for % COMNAV- 
TELCOM or Conryninding Officer; U.S. Navy 
Regional Finance Center. 

The commandant of a naval district or the 
commanding officer of a ship, station, or activity 
establishes the maximum amount of naval com- 
^...Httercial trafficUunds permitted to accumulate in 
the possession 7of the commercial" traffic clerk. 
Unless ^proved by COMNAVTELCOM. however, 
this eu^ may not exceed $100. Accumulated 
funds must be depositied at least weekly with 
^ the sujDply officer or the disbursing officer. 
Only such amount is r^etained as .is needed to 
make change. 

When required for^emittance] funds so de- 
posited mu^t l^e made available to the com-'^ 
mercial traffic dark by U.S. Treasury check, 
payable to the order of the Navy Regional Finance 
'Center. Code FR-FC. Washington. DC, 20371 
or Western Union Telegraph Company, as appro- 
priate. As explained in. more d'etail later, checks 
for Cl^ss D messages and Class D messages 
entitled to Class E privilege are made payable 
to the Navy Regional Finance Center. Checks 
for Class E messages are made payable to 
Western Union. 

If the commercial tra^c vclerk is relieved 
and no rep^lacement is imhiediately nominated, 
the commercial traffio funds 'should /be retained 
in the custody pf the supply ofl^cer or the 
disbursing officer of the command. The communi- 
cations officer or a naval postal clerk should not ' 
handle naval commeVcial tra/fic funds. 



O n - 



Money order fees 
Postage for' mailings reports (iT^eces- 



USES OF COMMERCIAL 
TRAFFIC FUNDS 

Expenditures from naval commercial traffic 
funds for the following purposes are authorized: 

1. 
2. 

sary). 

3. Registration fees where the commanding 
officer has determined that registered mall is 
necessary to protect the reports. ^ 

These uses for commercial traffic funds 
should be documented on the ''Statement of 
Account" (NAVCOMPT Form 2065). which will 
be discussed later in this chapter. ■J' 

REFUNDS \ 

A refund may be made to the person sendlng^^^ 
a non-Government message when the ship, station, • 
or activity sending the message is unable to get 
the message through toCits destination for reaspns 
such as circuit breakdbwn. cable break, landiine 
down, or ship out of ilange. A refund is not due 
on a message not delivered because of reasons 
sucjfi as ^'addressee deceased"; addressee un- 
known", ''addressee has moved", or similar 



causes. rUnder these conditions the carrier's 
obligation is considered to be fulfillqjl. ^ 

Copie§^of messages involving a refund shoifld 
be sent to the Navy Regional Finance Center, 
J(Vashington. DC, with an explanation on the 
messag^ form showing the reason for the refund. 

COMMERCIAL 
TRAFFIC REPORTS 

Three abstracting formfi are utilized in re- 
porting commercial traffic. Each cine is illus- 
trated here and discussed more completely liter 
in this chapter. The following are the form 
numbers, their titles, and a brief' description 
of the classes of traffic reported on each form: 

1. NAVCQJVIPT ^2065. Statement of Account 
(fig. 17-1): This form is required whe^ re- 
mittances are forwarded for Class D<^rivale« 
commercial messages, press messages, radio- 
photos, and Class D m^qsages entitled to Class ; 
E privilege. 

2. MAVCOMPT 2067. Abstract of Class e( 
Messages (fig. i7-2): This form is used by ships 
and shore stations originating Class E messages 
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STATEMENT OF ACCOUNT 

(NAVAL COMWNICAnONS) « 
■ ilCMfl fOM 2045 (IE«. 

■'^''"^ COMMANDING OFFiCER U S NAVY FINANCE CENTE'^ (COPE FC), WASHINGTON, O.C. 20390 

Iff ' ' 



NAVCOMf^ 7210-1 



( 



0*H fOI»«*BOCO 



I ^oraard in duplicate •! t h remittance to Naw 

Finance Center, la. Kington. O.C 203'iO for 

CU»s "0" and Clasi "D' entitled to "E" privilrje 
traf f 



INSTRUCTIONS 

2. Naval Co«»ercial Traffic Funda shall be forwarded by 
exchange- for ca»h U.S. Treasury check when poaaible. 



3. For further 



ions refer to DNC-26. 





Tt - f f k r Kund 



* dliburaed bv m*- thi« m<ynl h \of I he Nav.l tomm 

of (hi« ro«-and, L 1 a . «. 'B' Traff.r Th^re k. lorwir<i^<l h^rr-uS 



A.B. COOK LT 



..fiai r..//,. c/..», 

G.H. Isaly RMi 



D.E. Fairly CAPT USN 




\ 



Figure — Statement of Account, NAVCOMf(t *Form 2065. 
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U.S. NAVAL COMMUNICATION SRVICE^ 



i 



-'- ^"'"Of't p^>ic«f. Hivy R»ion.l Fin.nce Center fjQrf FR/FCl *.ch' . . ^ 
I I I I [ ' ^'""y*'°° ^y)i;«shi nflton. D. C. 20390 

„pr N \cMi^Ui,\] " 



USS AMERICA \CV66^ 



_A. B. DIRK, LT., USN 




RICHMOND, VA 



1^ 



Vmadison, wi 




■0 



f — 



COTIFICATKK (Co-.rc.l Tr.ffu CUrk) 
t«rti/fy tKi, i, . tru. .i.twetit of . 



ku ^tK for th. N.,.l Co»„ I Tr f. X V ' r''' "^'^ 

»njRE D. M, 5EAMAN ' 




JTATION 
SENT TO 
(CoK LeUrrt) 



mm 2101- 



SHCET NO, 



ONE 



OUIINC MONTH 0* 

NOVEMBER 1977 




FLUNK, CAPT, USN 



DO NOT 
USE 



NSS. 



NSS 



NSS 



NO, 
WORDS 



50 



40 



CREDIT 



TOLLS 



4.00 



15 



4.00 



TAX 



OR. 
CASH 



4.75 



i ,1 



4.00 1 
4.00 ■ ^ 



4.75 



V 



TOTilS 



TOTJLS B«0UGHT^FOW*RD FR« SHEET lit 



ORMO TOTHL 



12.75 



'A 



12.75. 



12.75 
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30 



At 101) 



Fli?ire<^>-2.-ClaM E Menage Atetract. ikvCOMPT r»rm'm, 




50.20 



involving tolls and Clas9 D messages entitled 
to Class E privilege. . . 

5f, NAVCOMPT 2132,11.8. Naval Commani- 
.catlon Service Abstract (fig. 17-3): This form is 
used for:' ^ \^ 

a. All Class D'mesilages ori^nated by 
a naval ship. ^ .\ . 

bV All Clasi-d messages .received and 
.delivered on board or relayed by a naval ship. 

c. Al^ Class D Messages originated, 
received, foj^arded, or delivered by a naval 
Jstation or activity. 

4, All Class A and B messages (in- 
cluding official radiotelephone messages) trans- 
mitted by *' a -navtl ship directly to a dmiestj^ 
or foreign commercial shore radio station. 

e.' All Class A and B messages re- 
ceive by a n^val ship directly from a com- 
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mercial shc^re radio statioti. 



9 



Them a>l£>oye mentioned form^ are available 
as cognizant symbol "T' material from the 
Naval Supply Centers in Norfolk and Oakland, 

Copies of the commerbial traffic reports, 
as submitted, should be retained in the ship 
^or-station file at least 12 months. 

RESPONSIBILITY 

FOR RE'PORTS , 

COmmelpeial tr^l^^^j^ required 
whenever tblls^ 
are handled by a ship^'br ' station.^ during ^ny 
calendar month. The repof^ stEikjpreparetJ by , 
the commercial ti^fic clerk and ^^gi^^iby the 

; /communications, officer and the'^Ccyimathdirig of- 
ficer. In the case of submarines (^cept.M^ien on 
detached duty) , the reports are submitted by th^ 
tender or submarine base to which the sub- 

Tl^ftfti^e is attached. In the cas^^f service craft 
attached to a naVal district, tlfe reports are . 

* submitted by the district com maMW. Reports 

\submitted for subnriaist{ies and se^ib^ craft in 
accordance with the al^plp^/afe^'a^^nged and 
labeled for elch subpaai^rre *or^ ^r^^ce ai>aft 
originating the ira^Qi- ' 

4 Monthly commercial traffic reports should l>e 
mall^ under one cover to the Commanding 

' Officer, Navy Regional Finance Center, Code 
FR-:p6v Washington, DC, 20371. Reports from 
nsmri ships.^ should , be mailed by the 5th of the 
month following handlipg and from naval statii^ns 
and activities by the 10th of the month. Reports 
of.Nfiass D messages and Class D messages 
entitled to Class E privilege -should conslflt 



of an abstract form, one copy of each message 
reported, a remittance, and a Statement of 
Account. Class E nriessages involving toll should 
be reported with the use of an abstract form, -one 
copy of each - message, and the remittance. 

Negative commercial traffic reports ane not 
required when cfass D and Class E traffic. /^ 
. has not been haridjed during the calendar montn. 
However, the following statenient should be in- 
serted on the first line 'of the next Class D or 
Claps E abstract submitted: *'No Class D (or 
E as appropriate) traffic handled* during the 
month(s) of ' \ 



SERIAL NUMBERS 



All commercial traffic handl^ by naval 
communications is assigned serial numbers 
for accounting and identification purposes. 
These numbers aire known as SRS num- 
.bers. Every commercial message handlecT 
is assigned an SRS numji^ by .each ship, 
station, ir activity invc^lve^J in the^ hand- " 
ling. ■ . 



Naval 90mmunibations statiota^ assign SftS 
numbers consecutively up to 10\000. All other 
Navy activities and ships assign SRS numbers 
consecutively, up' to 1,000 on an annual basis, 
cSrftWiencfng witff number 1 Gi^4r^aaiiary oi each 
year. When service messages are sentOTi a'com^ 
mercTar message, such service messages are 
fiveh th§ SRS number of the message to which 
they, refer, followed by *'A'' for the first service 
message, **B" for the second service, and so 
on. Paid seryice messages are not affectcW 
by this provision. T>te following capital letters 
are suffixed to, the regularly assigned SRS num- 
bers depending on the class of^ commercial 
traffic being reported: 

Class of Traffic Suffix Letter - Example 



(radiogram) 
(press) 
(radiophoto) 
(entitled to 
the Class E^ 
privilege) 

Service message 



A 
B 
D 
P 
R 



C 
E 



SRS lA 
SRS 2Bx 
SRS 3D. \ 
SRS >Py^ 
SRS 5R^ 

SRS 6C 
SRS 7E 
SRS 7EA 
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mm m tm (i*m) 



0 



0 
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NOTE: Repori'iU .^Mg^ ,e.^ *nd rtt^ned udSr^s Xs. u'.nd ^ P 



CSS /iMtRig (cufct) 



copy..pf-St,te«€nt of Account' 

I . , . - f .V fifth of eich iontK For' 

^eiiiled initructioni refer to DNC 26(A). 



^^yivi, uriginii ma One copy ol 
(NAVCOIIPT FORM 206S) for ^u^k} .e.^ig,. .„d 



I P»yible 10 CotMtvduf Offic/r/ by 7^ 711^^0 f eVch wnl^^ 

4 



'01 HOnrH 0' 

SEPTEMBER 



1 



A.B. COOK, LT,USN 



D.E.'FAI'RLY, CAPT, USN 



I 
I 




_s . Figure 17,-3» ~ U.S. Naval (Jpmmunic^tiori Service Abstract, NAVCOMPT Fohir2l32. 
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* As'ls apparent from^he above instructions, 
one message may bear different SRS numbers 
at the various stations handling it. , 



REPORT SYMBOLS 



The Comptroller of thfe Navy has assigned 
NAVCOMPT report symbols to com Tiercial com - 
munications reports to aid itv, handling, auditing, 
and acfjountlng foi* these reports. Report symbols 
iohsia'fi^.of^"' ' ' ' ^ 



I 



the word NAVCOMPT followed by a 
iiumber. For examt^le, NAVCOMPT 7210-1 is the 
Statement of Account report. Other, report sym- 
bols are^ given in-separate discussions of each 
message class, ^ifxe appropriate report symbol 
must be placed^o; tne envelope or cover when 
comixierclaJ t»af^ reports are forwarded. It 
should also appea, ; oh the abstract form itsejf^/ 
MorQ than one ^fe^ort symbol may be used on 
one abstract form^ 

WORD qpUNT , / 
SYSTEMS '^i!^ 



in< 



As-<^L^Ians of collecting' fees for expose, 
ic^rreqjwhen commertsial communications 'ar^- 



handled,/the Navy uses^two systems of word. r«file piist always carry, an apcounting symbol 
count. gbm<5ptic" word count- applies to domes)<lcK Ho dehote the.. Government department or agency 

Responsible for payment of^comrhorciail charges, 



messages and is based orr domestic rules and 
regulations. Internktional word count is used fdr 
radiotelegram^ and international telegranis arid 
is based on internati6nal rules and regul£Utions. 

: Domestic telegrams are messages originated 
at and addressed to poin4^'<on si^ore within the 
continental Oitited States, Canada, Mexico^ Alai§ka, 
or Saint' Pjj&rre-Miquelon Islands,, and trans- 
mitted lin domestic form by wire ^ radio oVer 
alitor part of its route. - 

A radi'otelegram is a: message originating 
in or' itltended for a m<>bile station and traiis- 
nritted over all or part of its' route by ratiiQ 
communication channels of the* mobile service. 
International telegrams are messages originating . 
at or destiijed to points outside the con-^ 
tinental United* States, 'CanacJ^, Mexico, Alaska, 
or SainiXPierre-Mjgueloii Inlands; Both, radio- 
telegram^UtriBSnt^friational telegrams are drafted 
In international fotm. / ^ ^ ^ 

A detail^dP. expiation of' bg^^^Word count^' 
systems is giveja'-'^iNTP 9; heirce, it is not 
^repeated h^e. Many^ examples in NTP 9. illus- 
trate the rules effectively, sjiowing how repre- 
sentative words and groups a'f 6 'counted dif^ 
Iferently according tortheir locatioi4'in a message 
address, t^«t, or signature. 



" * a6MMERCIAi: ABSTRAC'^NG 

\ This secfion ns devoted to a . more detailed 
discussion 'of - niessage classes^^tf methods of 
abstracting commercial messages; ' : 

^ Of the five plasses of m^ess^ge^, Cla&s C 
meS^geSv a^e not involved jn comiimrcial ab^ 
strajllngr therefore, they are ndt iTiscussed 
here. ' . .|' " - ' • • 

CLAS^^^'l AND ' / ' ' 
CLASS B MESSAGES ^: 

Class A and Class B messages are official 
i^S, Government messstgfes. Clas^ A messages 
consist of of;fieial mssseges of t[>er Department of 
Defensfe. Class :b comprises official messages of - 
U.S. Government department^nd agencies except 
for^ Department ^^of D,eiense mesfirages. Both 
yclassfes are treated togetn^ in this fsect ion b6- . 
cause of th'^imilarities\inlkhdling,4^ 
^acQOurifc1^ng\ * ^ 

\oth Class A and Class B messages are pre- 
.pared in Joint form for transmission over military 
circuits-. Detailed coverage of procedures' for- 
_ messages over military circuits^is pro- 
vided in ^TP 4. . . ■ / 

Class ^ messages requiring commel'cial 



When the message is .filed with a domestic 
communication 6ompany, the accounting symbol 
is preceded by the Government indiodtor GOVT. 
This indicator appears a^thfe fir^ word in the 
address. In message^ "y^rl to on vi^ foreign ^ 
commuiScation gompani^s, the Government /in- ; 



dicatoris changed to. US GOVT. 

Harldfir^ Over Go^nrnercial 
Communication Systems 



When it is nee^s^lry to file or' refile n Cla^s * 
A or Glass B message wrth a commercial cortir 
mqnicatipn comoafoy ,^'the following rules apply\ 

1. When filed directly with a ^commercial, 
com^nunication company by an^origiimtpr outside 
the continental United States or debstined to an 

\addressee outside the U.S.; m\iss^ee are sent, 
via the nearest 'U.g. ^military communication 
facility serving the area in wh^ch they origii^ated.^ 

2. Provided eithe /originator or addressee is 
not served by militaT^communipationSj mfe'gsage^ 

^ may fee filed directly or refiled with Western^ 
Union without . fiirtfter transmission 6n military 
circuits^ This rule applies when charged fojr. 
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delivery to an addressee are the same as (or 
less than) ^uch (Charges for delivery from a 
designated commercial refile point. 

3. When a message is* ref^jled by a shore 
station within the continental *J.S. and addressed 
to a pwint In the United States, Canada, Mexico, 
♦Alaska,^ or Salht Plerre-Miquelon Islands, 
dqmlastic form with domestic word count is used. 
Thev^polnt of actual origin is added to the sig- 
nature. 

When a message is reflled by a shore 
station in the continental U,S, and ydddressed 

-to points Qutslde the -^nitpd States,. Alaska, 
CMiada, or MexicQ,v or^Salnt Pl.erte-Miquelon 
Ismnds, International form and word count are 
used. The point of refile is treated as'the point 

- of origin; point of actual origin 1^/ added to the' 
signature, 

6. Wherv a mes&age is filed/or refi^d by a 
shore station outside the QonlWntal U^., inter-'^' 
natloJfel form ahd word coiint ateVJs^^, The 
point of file serves as th^ point o^ origin, 
or the point of reffle is the point of origin; 
ar^, the {joint of actual origin is added to the 
signature 

6. When a message in* joint form must be - 
•sent through a commercial .communication sys- 
tem for further transmii^mon . by a military 
sygtem' the message Jn joint form — complete 
with heading — is embodied, in ^he text of the 
commercial message. . " 

\7, When a messaige is transmitted directly 
by a Navy ship to a C(5fmmerci>al shore radio 
station, ihterrfatlonal form and word count are 
used. 

The' following is an;example of the forrfi for 
a GOVT NAVY rrtessage as transmitted by a 
ship to a shore station for refile with a com- 
nnerclal company: 

RTTUZYUW Rt^YEDO1470 2921400-UUUU^ 
RUWDSAA, • 

ZNR UUUUU 

R 191400Z OCT 77 , ; 

FM USS AUSTIN . - 

ta JOHN N DOE • - 

FOUR TWO TWO QUEENS COURT, 

ERIE PA . / 
BT ' . ' . ' 

UNCLAS 

YOOR LE^VE EXPIRES ON BOARD AT NOR- 
FOLK VA . . ^ ' ^ 
0730 25 QCt 77 
BT * 

*i47o ^ . : 



^ T-he precediifg message would be com- 
mercially refiled in the following form (under- 
lined words chai^geable): ' ' . ^ 

CK l2\VASHINGTON DC 19 OCTOBER 1977 - 

424PME 
GOVT NAVY 

JOHN N DOE ' " . . ^ 

FOUR TWO TWO QUEENS COURT- 
ERIE PA ^ . ' 
YQUR LEAV^ EXPIRES. ON BOARD AT NOR - 
\fOLK VA 0730 25 OCT 77 ■ '^^ 

COMMANDING QFFICE^l 
•XJSS AUSTIN' ■ 

• ■^ 

Abstracting dlass A ' ' ' <*' 

and B Messages . . ' " 

Class A, B and official radiotelephone' mes- 
sages transmitted directly' to a commercial 
shore radrb station by a Navy ship must be 
reported on NAVCOMPT Form .2132^ (^ee fig. 
' ^'7'^.) This monthly report, symbol NAVCOMPT 
2102.2, must be forwarded to the Navy Regionsfl 
Finance Center, Washington, DC 20371. Two 
copies of all mfes^ages are requirl&dkwith* each' 
report*. No remittance is made; 6ettl^ent of 
accounts is the responsibility of COMNAVteL- 
COM;' Reports from ships must be mailed by the 
5th of, the month after handling. 

Incoming Class A and B messages received 
by Navy ships directly from commercial shore 
radio stations-are reported on NAVCOMPT Form 
2132. Othet requirementiS* are the same as for 
outgoing messages explained earlier. 

Naval shore stations designated commercjial 
refile activities/ in ACP IhJ^.^. Supp-1 are 
required to submit montl^ly rife^p of all Class 
B messages refi/led with comra^ctal communi- 
cation corapanies.^A speedle^r x^ort is made, 
but it does not utilize any of the NAVCOMPT 
forms mentioned previously. 

Reports are mailed directly to the Com- 
mander, Naval iTelecomrfiunications Command 
within 10 da^s after receipt and Yerification 
of the traffic billing Of the commercial com- 
munication compahy. A speedletter report must 
contain the following iniormation in the order 
indicate^gj^' 

• " ^ 

1. Rei^rt of Class, fi messages. . ' 

2. Cj^lenda^ month and year of the report. 

3. «». Inclusive Class . B message, serial num- 
, bfers reporti^d.' , . I' - 
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The speedletter report miist be accompanied " 
by two copies of each message reported, 

K)ae copy must be in the military form in 
which received, arranged in SRS number order, 
on ntetal file fasteners, between cardboard covers, 
and in groups of 'lOO or fewer messages. These 
^^(rers must be labeled to indicate the type of 
traffic, the name of reporting station, and the 
month 2^rfd year of commercial refile, 

The"^^ second copy of each message must be in 
. the comTierciaU form in which it was refited, 
segregated into packets according to accounting 
sym)X)ls, . ^ 

Both aiess.age copies must bear complete 
transmission data and include the following 
information in the lower right corner; 



2, 
3. 

4, 
5- 
6, 



SRS number (e.g., SRS 23B), 

Accounting symbol' (e,g,, 

Commercial company and city where re- 
filed (as Western Union, WASHDC), 

Commercial service indica^Jor (e,g. , NL). 

ComTTercial charges (e.g, , $1.25), 



Date and 
AUG 77). 



time of refile (as 011300Z 



Copies of service messages relating to com- 
mercially refilpd CJass A#ttid ^^m^re^es must 
be forwarded with copi^ vof the messages to 
which they pertain. 



Responsibility for Paym 



A reporting activity d&es not collect toll 
charges- or ' send remittances when it, forwards 
Class A an^ B message reports. In brief, pay- 
ment for Class ^ and B mess^es refiled with 
commercial communication companies is effected 
ac6ording to^the ensuing^ explanation. For Class 

"^A and B messages transmitted by Navy* ships 
to commercial shore stations, CNO is responsible 
for the settlement -of accounts. Because ^^bills 
siibmitted by commercial companies often con- 
tain amounts for 6th claf^es of messages, how- 
ever, initial paymejit is niade by NAVREGFINCEN, 

*Was|jngton. v 

Charges for Class B traffic are then billed 
to COMNAVTELCOM bv NAVT^EGRlNCiEN, Wasly- 
Ingtoh, In turn, COMNAVTELCOM bills other 
Gc^ernment agencies respc^sible for originatftig 
their Class; A and B messages involving toll 
charges. Thus, naval cdmniunications is reim- 
bursed for the non-^avy messages handled. 



Payment is handled differently for Class A 
and B Messages refiled with commercial com- 
panies by shore stations. Commercial com- 
munication companies Bill a refile activity di- 
rectly. The refile station v^erifies the monthly 
billing, certifies it as official U,S. Government 
traffic, and forwards the certified billing (with 
» supporting message copies) ,j for payment, to 
the local disbursing office of the NAVFINCE^ 
serving the area in which the refiling sictivi^ 
is located-, 

" clA.ss'd messages 

*^^*G^'ss D messages are non-Government 
(privat^^^cammercial) messages handled by naval 
communi<?ations^ that were received or sent via 
GommercisJ communication companies. Class D 
messages include— 

1, Commercial (private) messages 

- \ 

2, Commercial (private) me s^^ges entitled to 
Class E privilege, x 

3, ( Press and related service messages, 

4, Radiophotos/FacsimJle, 

Class D n^essages are always in commercial 
form. Handling Of Class D traffic by Navy ships 
and stations usually is suspended or curtailed 
in wa>rtime. 

Claps D message^ are not accepted, :rans- 
, emitted, or relayed by military comrrrmications 

when or where it is possible for the messages ' 
'^'to*'be handled by commercial means,, unless 
specific exceptions are made, 

A Class D message is used when the sejnder 
doep not qualify for, or the message destination 
does not meet, the restrictions" imposed for 
^lass E njessages, e;g,, a message from.or to . 
an addressee ^n Manila, Repubftc of the Phili- 
pines, would be a Class D message. 
* 

Commercial (Private) 
Mei^ages \ •> 

Class'^D commercial (private) messages may 
be filed duririg peacetime by any person, whether 
in t\ye naval service or not, at any of the following 
ships, station^, and activities: 

.1, All naval ^hips at sea or in a port having 
no adequate ^nd reliable conjmesrcial facilities' 
available, . , % 
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2. AH overseas naval stations and activities 
at locations where adequate and reliable com- 
mercial communication facilities are not avail- 
able. 

3. The naval communication stations open to 
public corresporidence and authorized to handle 
commercial ship-to-shore and shore-to-ship, 
trafflo. . , 

In naval ships, the requirements for filing 
. commercial messages are as follows: 

^ 1. Approved by the commanding officer, or 
Ojfficer designated by him, and duly released." 
/ 2. Fil^ with the commercial traffic clerk 
who determines word count and collects the ^ 
charges. 

Following transmission; the original and one 
copy of . the message with proper servicing 
data entered thereon are returned to the com- 
mercial traffic clerk for filing and abstracting 
•purposes. , 

In the eVent there is dowBt as to the proper 
charges to be. collected and such charges can- 
not b6 determined by the appropriate operating 
signal, the maximum charge i'a collected and the 
name and address of the sender enter^ on the 
message form ih order that proper reimburse- 
ment may be made when the account is audited. 



. /International Form 

\ . * A commercial measage originating at or 
relayed by a naval ship or a^NAVCOIVTMSTA 
open to commercial traffic is * handled in the 
internatloi^^l form. 

;Iji Hhe' ?oll:okwing example of Class D com- 
mercial messages in international fqrm, chafi^ 
afele words or groups are underscored. ^ 
e3q)lanation of component parts is given at the 
conclusion of this message example! 
• • 

PCH r>E- NlVfJB NRl INTL USS AMERICA/ 
'NMIB CK26 

12 1430 " 

BT MP BT 

LOUIS CQLBUS 

69 EASTTHIRTYSI)^ 

NEWYQRKCITY 

' iBLL TEN SHARES COMPTOMETER AND 
TWEjQ^ SHARES PULLMAN BUY SIXTY 
SHARES MAGNA VOX ALL AT MARKET 
• ADVISE TRANSACTION BATE BT FORD 
COX AK NMIP K ^ 



After the call and station serial number in 
this example appears the international abbrevia- 
tion INTL. Next is the office of origin, USS 
AMERICA, followed, by her call sign. The check 
(CK26) consists of the number- of chargeable 
vf^ords in the address, text, and signature. (Re- 
member that chargeable words are underscored 
in this exampl^flr in a commercial message 
such as this one, the date and Uocal time of 
filing are always given in two numeral groups, 
with the date separated, by a space from the 
four-digit hours and minutes group. 

The message address contains the paid ser^ 
vice indicator MP^ in addition to the pame and 
address , ol the addressee. This particular paid 
service indicator (MP) means that Ae sender 
requests jlelivery of his message tolthe aSc 
dressee .jn person — not by mail or tere^hone.^ 
More than a dozen different service indicators 
are authorized; NTP 9 carries the complete 
list. As shown in this message example, the 
paid service indicator is the first word o! the 
address; it is counted as a chargeable word and 
is^ included in the CK. 

After the text is the sender's name, called 
the signatur§. Although it is not obligatory to 
transmit the signature, when transmitted it is- 
chargealjle and is separated from the text by 
thp prosign BT. The prosign BT in this message 
appears several times. This prosign separates . 
the preamble from the paid service indicator, 
paid Service int^icator from the rest of address, 
address from .text, and text from signature. 
Prosign BT is never tpunted or charged the 
CK. a\ 'K-^ 



CK 

Domestic Fqrm 

The foUciwing is an example of the domestic 
form of Class D message,' with the chargeable 
woj|s or groups underscored: ^ 

NRl CKll NL NAVSTA ADAK 16 AUifi 77 
1030/AMP . ^ 
' RABE«^ KIEF, INC. , ' , - ^\ 

SEATTLE WASHINGTON 

THIS COMMAND WILL NEED YOUp ASSIST - 
ANCE IN OBTAINING SUPPLIES"^ RE- 
yiOUSLY DISCUSSED .' H. FLICK ' ~ 

The example above reflects that a single 
address and signature are not charged foi* in a 
domestic telegram. Therefore, the check (CK) 
will consist of the total number of "Wdrds in the 
text plus any extra matter that may be added 
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In the address or signature. The service indicator 
provides supplementary Instmctlons requested by 
the originator, such ^ as DLyday letter) or NL 
(night letter), etc. The conaVnerclal communi- 
cations companies show the city or town where 
the message was filed (originated). The domestic 
fol*m has the month and year transmitted in 
addition to the date and time. The hour is 
followed by **AM'' or **PM'' and the civil zone 
time indicator (E for Eastern time, P for Pacific 
time, etc.). The normal address of a domestic 
telegram is .transmitted free of charge. A com- 
plete siddress cannot be over-emphasized. The 
text of the message and any extra, matter added 
to the address or signature is counted and charged 
for. One plain language signature is transmitted 
free. CodM signatures are charged for. An extra 
passing l;istruction added to the address would 
also be charged for. 

Charges and Accounting 

All messages involving tolls should be prepaid. 
Charges for messages comprise the following: 

-•1. The charges which accrue to land radio 
stations. 

J 2. The^gharges which accrue to the mobile 
(ship) radio station. 

3. The relay charges of the ^l^erm'ediate 
land or mot)lle^ radio station, 

4. ' The charges for service over landlines, 
cable, and special service required by the sender. 
If any. 

Af#r the rate-per-word for transmission 
over the entire distance involved has been com- 
peted, the charges for the message are detei minted 
by multiplying the rate-per-word by the number 

-of chargeable words. Sp6<^al service charges 
and taxes, if applicable, are applied and added to 
determine the total charge. ■ 

' All .charges' di^e on commercial ^Ivate) 
messages should be collected from the se^nder 
in advance of the transmission. The sp&aific 

''rates for comm^rcial^nessagfes change from 
time to time and are iritluded in NTP 9, 

Rate Requests 

The . International Telecommunications and 
Radio Cojrifeirepcefl held at^penfeva in 1959 author- 
ized sKl^febard stations to ma|ce inquiry withc^t 
Qosi to c^oastal Rations conceiming proper rates 
for me^Qages for which they do nbLhaye necessary 
InforjnJBbn. Becalise Navy shipa, are not issued 




commercial ^ tariff bpoks used for computing 
cha'^ges for glass D message», it is necessary 
to send a rate request (QSJ or service message) 
determine charges on each message.£)peratlng 
signal Q9J (preceded by INT for military usage, 
or followed by IMI for operations with commercial 
stations) means *'What is the charge to be 

collected per wopd to including 

your internal telegraph charge?" As a reply 
QSJ means **The chaijge to be collected per word 



to 



charge iSj 



inciting my internal telegraph 
francs." 



Francs should be used to express the charges 
in international 'cfommunications. When the re- 
quest is handled on U.Sl military circuits, be- 
tWeen NAVSTA GUANTANAMO BAY CUBA sind 
NAVCOMMU WASHirlJGTON, for example, the 
total charges in the (^S J answer should be ex- 
pressed in United States dollars. A copy of 
the rate request and the reply concerning the 
chargeR on all commercial messages should be. , 
attached to the applicable commercial message 
that is submitted to the N^vy Regional Finance 
Cent^, Washington, DC. 

Abstracting 
Class D Messages 

Class D messages are reported on NAV- 
COMPT Form 2132. Whenever Class D messages 
^originate, in your ship or station, the money paid 
by senders must be forwarded with the aJ?stract. 
The Treasury;, check qr money .order used for 
a remittance must be ma^fe^p^y^*^!® to tlie Navy 
Regjqnal Finance Center, Washington DC. Actual 
transfer of funds between naval com muni cation^ 
and commercial communication companies Is' 
made by the Navy Regional Finance Center. 

A complete Class D message report consists 
of the following: 

1. Abstract (NAVCOMPT Form 2135 

2. Copy of each CJass D message. 

3, Statement of Account, !^AV COM PJ^orm 
2065 (original and one^opy).'^ 

4, Remittance. 

Special attention is directed to the necessity 
of reporting all Class D messages handl^ 
(whether charges are involved or not) ;<together 
with any QSJ or service message exchanges. 
Ships sometimes mistakenly fail to neport Class 
D messages rec.eived over Navy circuits. Failure 
to make these reports *often results In financial 
loss to the Government. Suoh failui* to make 
the required report of either sent or received 
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messages usually, causes needless correspond- 
ence and delay in settlement of accounts. 

Message copies forwarders with an "abstract 
must be legible and complete, including full 
transmission or receiving data. Duplicates mus.t 
• be retained in ship or station files lot ,4 1 least' 
12 mohths. Message copies forwarde^and dupli- 
cates retained in files must show any discrepan- 
cies in counting chargeaJble" words; an explanation 
of del^ "exceeding 1 hour between redeipt and 
p,. transmission in relaying, or between filing time 
and transmissior^ time; chargesv collected, -if 
any; and other pertinent irfformation' deemed 
a||)ropriate'l 

In abstracting Class D messages, the name 
of the point of origin should^be shown on the 
^lal^str^ct (Form 2132), ^n the case of communi- 
\atlons with ships (nav^il or merchant)-, the 
^ (all sign is shown on bqth the abstract and the 
message C9py. immediately following the name of 
the ship. The ship name and ball 'sign are 
separated by ^TPractioi^ bar. The report symbol 
for Class D message reports is NAV^OMPX 
2101.2: , . ' 

Safety of Life 
Messages 

Th^re are several special types of authorized 
. commercial (private) messages listed in Chapter 
3 of NTP 9, One of the special' typ^^^orthy 
->.of^ote^ here is the ''safety of life'" message, 
^1 safety of life messages are accorded abso- 
^^te ^priority' of traQ_smission, Every office re- 
^^pfvlng a message presented as one relating 
(p*fe the safety- of life at sea or in the aii^ should 
forward it as such. A safety of life message ia 
identified by the indicator *'SVH'' both at tH» 
beginning and at the end of the preamble, Tele- 
^ graph offices should exergise no control over 
safety of life messages. They must be trans- 
mitted and delivered at once. 

Rates 

The charges for commercial (private) mes- 
sages are^. subject to change as promulgated 
. by message" corrections to NTP 9, To compute 
.rktes,' it is alW^ys advisable to consult. NTP 9 
^or obtain the oterges via a ';QSJ'' rate request, 
if needed, AX 'some' commands where k. large 
volume /Of comnriefcial traffic is handled, it 
is ^advisable.'to make a chart listing the type j 
of message, the number^ of words chargeable, 
and the rate to charge the seTider, This is used 
for the convenience of both the commercial 



traffic clerk and the sender in the interest * 
of saving time. The chart, naturally, must be 
updated each time the changes are changed 
in N^P 9, This may happen once a -year, at 
the most. 

CL/^S D MESSAGES 
ENTITLED TO ' 
CL^SS E PRIVILEGE 

Oocasi(?nalty, because* of the location of ad- ' 
dressees, naval personnel ' are unable to send 
a "^es^age in Class E iotm, even though message 
content^l^^ply in all respects with provisions 
for Cl§L^r E messages^ In other words, the 
addressee is at a geographical l6d|||ton other 
Jthan the continental ^United States; for example, 
Hawaii% Puerto Rico, Panama, Japan, or Europe. 

A, category of message known as Private* 
commercial message (Class D) entitled to Class, 
E privilege" has been established with the Mew 
of making available to such personnel a modified ' 
version of Class E message. Particular care 
mu^t be /taken in handling this cat^ory of 
tnessage and accounting for it to "ensure that - 
it 4s not cgmfined and reported with regular 
Class E trafti^, 
^0 

Class D messages entitled to Class E privi-,. 
lege are hanfjled in international form as shown 
in the mes/age example at the conclusionLof 
this explanation. For identification purposes, 
each message carries the- symbol COMLE as 
the first word of the^text; COMLE is counted jand 
charged for as one w<>iUi;>3;herefore, this 'type of 
message is at tin^ies referred to as a Class D\, 
COMLE, Following is an ekjample of a Class D ' i 
.tnefesage entitled to Class E privilege, « 

RTTUZYUW RUHGMIBpllo"/^ 3002000-UUUU^ 

RUHGSUU, - 
ZNR UIJUUU 
R 27^000 Z OCT 77 i. 
FM- USS AMERICA'^ 
TO NAVCOMMSTA HONOLULU HI 
BT 

UNCLAS //NOOOOO/? 

USS AMERICA. CKlS '27 1800 BT L'f BT 
MRS H, E, FLICK ' • \ 

HOTEL HILTON HONOLUIAJ HI 

BT .; . . , - ^ " 

CO>ilLE MEET M^* 'iN KANUl RESTAURANT 
A«^ SIX, , - ' ■ , 

HARLEY • . ; ^ V 

^BT, ■ • » ' 
^0410 

NNNN^ " ' 
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Charges 



- The charges for Class D messages entitled to 
the Class E privilege are collected from *;he sender 
in. advance of transmission and include com- 
mercial shore station receiving charges and 
tolls involved in the landiine or cabje trans- 
mission to effef'*^ final delivery. 

In "computing the charges, the hahdling to 
J be performed by naval commiyiibations is with- 
out charge. The charges collected from the 
sender are those charges 'involved in, thfe handling^ 
and delivery by a commercial Commuiiixiyation 
company, Internationar word count applies. 

When the message is transmitted to a com- 
mercial, shore radio station, the coast station 
charge and the internal telegraph charge^ a^e 
collected, When the message is. trans^tted- 
to a naval station "or activity, only the com- 
mercial refile charge is collected, Ia> many 
cases, the correct charges* for the handling 
and delivery by the commercial communication 
company can be obtained by use of the operating 
signal QSJ o^g^y service message,' ■ - ' 

Abstracting ' , • " v 

Ships and stations originating Class QmeB^* 
■sages entitled to Cfass E privilege are 'required^ 
to subVnit monthly reports under report symbol | 
NAVCOMPT^ 2101-1 covering all such messages 
originated. For this report, NAVCOMPT Form . 
2067 is used, " ^ 

Reports of 'Class D. messages, entitled to 
Class E privile^ge are cdmprased of the fol- 
lowing forms: ' \ . \^ 

1, The abstract/1^A^\':GpiSlPT 

2, One copy of eac^i^rif^sage, sHoifihg com- 
plete' transmission data." A r:§l§i|;eii*raLte reqjuest 
(QSJ or service * message)"' niu^ be attached 
to the nrfessag©v ■ , . 

3, The statement of account, NAVCOMPT 
Form 2065, in duplicate, \j 

4, The remittances, 'rpfade payable to Navy 
Regional Finance Center, Washington, DC, 

* 

An additional monthly report is required 
shore stations effecting comnier(^ial refile o 
Class .0 mossages entitled to Cl^|p E*.privilege, 
For this report, NA\'-COM[^T Fofm '2132 is the 
prefer form. If the shore static^ also handled 
''regular''^ C^lass D traffic during the mQ;it 
the: twolrqports can Yye combined, 

•Commercial 'traffic clerks must* 
extreme "^^caution to ehsure 'tKat thls:<' 

' ^ • J. 



of message is not ' reported with the regular 
Class E messag«e (to be discussed latej) and 
that the check or money order (remittance) 
is not made payable to the Western Union Tele- 
graph Comnany, As we shall see later in this 
chapter, me check made out to Western Union 
is for Class E messages only, 

PRESS MESSAGES 

In peacetime, the Navy frequently grants 
permission for- duly accredited news reporters 
to ^ go to sea in Navy ships' for .the purpose of 
re|)prttflg nav^l operations and activities. In 
such cases r^orters usually are authorized 
to file./ press messages on board. The same 
'privilege, may J>©?;%*rtended at isolated overseas ' 
bases ^where •confim^rcial communication facili-- 
ties are not a\Ajlablei , 

' When correspondents ar'e efhbarked, equitable 
treatment should fee extended to all. The command 
should ensure that the press messages do not 
overload the facilities available. Consideration 
mist be given to official traffic. Normally, press 
messages take precedence immediately JJt^r 
operational traffic, a category, press m?s- 
^ages should be hashed on ^a *' first- come, ^ 
first-served*' 'basi§, . 

PRESSE and 
DPR Indicators 

Particular care should*^ be .exercised by ships 
and stations when they use the indicators PRESSE 
and DPR, The paid-service ipdicator *'PRESSE" 
is used 'on all press messages either trans- 
mitted tO| or refiled with an international com- 
j^ITiu^llfation (Carrier by naval corhmunications, >^ 

I'he domestic Service indicator DPR (day preys 
-rate)/, followed, by th^ word ^'COLLECT*' or 
"PAID" as appropriate, sKould be used on press 
messages transmitted directly to or from, a 
continental United States naval station or activity 
and handled commercially by the Western Union ♦ 
Telegraph Company only. The indicators PI^ESSE 
and DPH cannot .be- used together in the same 
message, v ? ^ 

.Charges for ' -^^'^ 
ress Messaged 





ble that g:orrespf)ndent§ oDt pay 
ages when filed, but payrrjent fn^'y 
*' United States i2orrespond€int 
In the-^^asfe ^{ payatent, the 
is applied 



desires ^<£^^^ ^o, 
p^nciple c^^V'^ls fbUow the^*a/fic 



4 ^ - 



( 



and the full charges are collected from the 
sender. The comi-nercial charges could be ascer- 
tained by QSJ or service message. When the 
correspondent elects not to pay for the press 
message, settlement should be effected by the 
Navy Regional Finance Center, Washington, DC, 
based on the abstracts submUted by the originating 
or refiling station. In international communi- 
cations, press messages cannot be sent collect. 
However, the correspondent should have the ^ 
charges billed to the^ewspaper or news associa- 
tion to which he is accredited. A United States 
correspondent may pay the charges involved in 
advance of the transmission. 

Press messages transmitted by naval ships 
and naval stations overseas to a continental United 
States naval station or activity for commercial 
refile by the Western Union Telegraph Company 
to a point in the United States may be trans- 
mitted **DPR PAID" or ^^DPR COLLECT," 
depending on the correspondent's wishes. This 
wouW m^an the correspondent can pay the charges 
in advance or have the charges billed to his 
newspaper or news association. WJi^n the charges 
are to be billed to his newspaper or news 
association, the amount of the t^ill prepared 
by tlie Navy Regional Firfappe Center cpvers Navy 
handling only; the comniercial carriers involved 
are responsible for the collectioaof l^^portion 
of the tOlls^,On the other hand, if t^^harges 
arfe pald'in ajdvance, the "tolls involved ihthe total 
transmissicJn are collected from the sAder. Sub- 
sequently, the Navy Regional Finance Center. 
Washington, DC .will effect settle?nej|l 
Western Union Telegraph Company. 

T'he iijternational system of wp^ 
used on all- press messages handle 
communications. The paid service 
PRESSE, wlien applicable, ^is written* 
first word of the* address and charged- for as 
ohe word. The indicator DPR, when applicable, 
"^-written in two places: first, in the p»reamble 
ttoTlowing ^he CK. and .second, in the address 
as the first word of the address. DPR' is no*t 
counted or charged for in the ^:^eaml)le, but is 
counted and charged for •as -one word in the 
address. 

Ther^. is a standard rate, for press messoge&i 
handled by naval t^omm inications. As "this rate 
changes from timf.* to time, it is* best to consult 
NTP 9 for* the kppropriate chur^es^. ^ |^ , 

Abstracting I^ress Messages'- 

^ Ships arfd stations handling press messages 
are rCTjurlred ^to'sunm't monthly reports. Press 




• 



messages are reported on NAVCOMPT Form 
2132. • 

The SRS serial numbers assigned to press 
messages use the suffix letter P after the 
number; for example, SRS 116 P. Remember 
. tha^SRd^umt)ers are used for message identifi- 
cation iiii abstracting and Recounting only. They 
are neVer transmitted. 



Press message 
message copies and 
to the Nav}^^ Regional 
Remittances are by 
order, made payable 
Center, Washington, 
ships are due in the 
after handling; from 

Examples- 



abstrapts, accompanied by 
remittances, are forwarded 
Finance Center, Washington. 

Treasury check or money 
to theNavvRegional Finance 

DC 203fl. Reports from 
mail by the 5th of the month 
shore stations, by the 10th. 



The following is an example of an inter- 
national commercial form press message for 
transmission to any commercial shore station. 
I{; must be noted that international commercial 
form press messages are never sent with a 
COLLECT indicator. ^ 

RTTUZ.YUW RULYMNOOOOl 300 1200- UUUU — 
RULYSUU. 

ZNR UUUUU 

R 271200Z OCT 77 

fm uss john paul jones 
,t0 navcommsta honolulu hi 
'bt 

tlNCLAS //N02373// 

TNTL USS JOHN PAUL^ JONES NR1/CK95 16 

1430 BT \ 
PAGE 1/50 BT. . 

PRESSE BT • • 

TOKYO 'DAILY NEWS TOKYO JAPAN 1BT ' 
(FIRSr 46 WORDS OF PRESS TEXT, AND 4 
'WORDS^OF SERVTCE INDICATOR AND J^D- 
• .DR^SSjffeT . 

"NRl USS JOHN PAUL JONES 1430 PRESS PAGE 
^ 2/45 BO^ * ^ ^ 

(RE\IAINT^fn'^4 W«^DS OF TEXT PLUS OtJE 
WO^^E^Ot. ^GXATUR#) BT TARAWA " ' 

i^T/ ^ . ^ 

TyN.NK 0 



following i$\an eStamole of^.a domestitf' 
form^pre^s mess^e yith navajft^ading for titans-* 
mission to any Navy fhQve station in the cor^inen- ^ 
ta^Umted States for (|eliyery by the WesterrMJnion 3 



■.•\ 
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Telegraj 
nental 



Compaijy to an address in the conti- 



RtTUZYUW RULYMNOOOOl 3001201'UUUU — 

RUE.YSUU. 
ZNR UUUUU 
R 271201Z 0CT I7 
FM USS JOHN PAUL JONES 
TO NAVCOMM.STA NORFOLK VA 
BT 

UNCLAS 

CK 95 DPR COLLECT USS JOHN PAUL JONES 

27 OCT 77 
115PME VTA WESTERN UNION BT 
DPR COLLECT 
NEW YORK TIMES 

220 SOUTH STREET NEW YORK BT * 
(PRESS MESSAGE TEXT DIVIDED INTO TRANS- 
MISSION SECTIONS IN ACCORDANCE WITH 
APPROPRIATE INSTRUCTIONS FOR LONG 
/MESSAGES OF- OVER 90 LINES OF TYPE- 
'WRITTEN TEXT) BT TARAWA 
BT * 
^•OOOl , 

NNNN. ' . 

RADIOPHOTOS 



Radiophotb transmission ^is between Navy 
^a(?simile units only. Exceptions to this rule 
Aufit be -authorized by COMNAVTELCOM. 

In addition to official Navy pictures and 
^graphic material, including those for general 
distribution to news associations, Navy radid- 
photo services may be authorized for trans- 
mission of commercial pictures. Commercial 
pictures are of two classes: (1) those for general 
distribution to^pewspapers and news associations, 
and (2y exclusive comTneroial pictures filed 
by correspondents and addressed specifically 
to newspapers or news associations tb which ^ 
they^are accredited. 

Exclusive commerciar pictures are the only 
ones for which the Navy charges^for handling. 
* Thus, they are the only oiies^requi ring abs{i^acting 
'and apcounting. I ' 

Exclusive comrrierciaj pictures are abstracted 
in ^the same manner as' press tnpisages. They 
also are reported on the samA NAVCOMPy 
fo^. Abstracts for^^arded^ to NAV^REtJ^INCEN; 
Washi'n^n sRould be m^ledj^by the 5th of thft^' 
month from ships, by the ^ 10th frqpi shore 
stations^ and musl^ bfe 'acconyDanied by a cbpy 
of each^exclusive^omYnerglal pit^ure trans- ' 
'ftiitted and received. 
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For exclusive commercial pictures, SRS num- 
bers are followed by the letter R; for example, 
SRS 24R. , 

Normally, charges for exclusive commercial 
picture transmissions., are not collected at the 
time of transmission* fljj^ccouriting necessary for 
settlement of Navy charges due is performed 
by NAVREGFINCEN, 'Washington. If the sender 
desires, however, charges may be collected 
in advance of transmission. In sush an instance, 
the remittance and .statement of account are 
included in the report. The flat rate charge for 
a 7- by 9-inch glossy picture is $30.00. ^ 

CLASS E MESSAGES 

Class E messages are personal messages. 
Part of a Radioman's job is to restric^t^;i^Ite 
routing of such ^messages to keep thenfij)en^ " 
All communications pt^rsonnel sho\Sa be'i''^ 
structed| that under no circumstances are 
allowed to devulge the^coAtents' ,of. Class 
messages to any unauthorized peraonneL 

' Privileges^ of Class E mosJ||ges are ' re- 
stricted to the Naval Establishft^t. There- is 
not a, comparable service available'to the Armed 
Forces as a whole. The Class E {^rivilege^exlsts 
primarily as a morale factor . to .afford naval 
personnj^ at sea or \at overseas duty stations 
a meane of rapid communications for personal 
matters^ All overse/as naval stations and activi- 
ties and\all naval ships are authorized to handle 
Class E messages. Continental United States 
Citations are extended Class E privileges where 
commercial communications are unava^Hable. In 
time of war or emergency, the Class E privilege 
may be suspended at the discretion of C01V(- 
NAVTELCOM, y ^ ' 

Non-naval personnel aboard fiaval shijps*or 
isolated overseas areas served by iiaval cbm- 
munications may be extended C^ass ^ privilege 
by the commanding officer when cainmfercjLal com-" 
munioations facilities are unavailable or" in- 
adequate.- The personnel afforded the Class E 
privilege should be In one of jJ^ following cate- 
gories: ^ ^ 

1/ ' U.S: military personsiel of other services. 

2. Members of Cong'ress or d^r important. 
U.S. Government, state, And municipal official&r 
and their dependt^s.^ • ' 

. 3. Dependents of U.S; miU^ary personnel, 

4. 'Retired U.^ military j^eteonnel and thefi- 
dependents. ^ - ^ 

5. Civil Service employees of th.T& U.S, 
Government, t- 

\ J • 
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6, U.S.; Navy technicians. 

7. ' U.S. media .representatives while em- 
barked in U. S. Navy ships. 

Reflle of ^ 
Class E Messages 

NAVCOMMSTA Stockton, California' and NAV- i 
COMMU -Washington", are the authorized 

Navy, reflle points, for Clabs E message3 from 
a#id- addressed to authorized personnel^ on board 
ships and overseas duty stations. There is no 
charge for proce'^sslng these messages via the 
naval communications circuits. Therefore, the 
only charge incurred by the sender is that 
amount charged by the commercial carrier for 
the delivery from the Navy refile point to the 
addressee. When transniitted over U.S. Navy 
circuits. Class E messages should riot be given 
a precedence higher than RvOUTINE-,' except in 
the most unusual circumstances as determined by , 
the comiTianding officer. Class E messages con- 
cerning death or serious illness ^hi>uld be ref iled 
and delivered promptly, ensuring thabi messages 
In this category are not unduly delayed. 

Non-Toll Class E 

Messages ' 

There ar6 several instances where a Class 'E 
message that does not involve tolls may l^e trans- 
mitted. In general, these are personal mes- 
sages handled between ships, arjd from ship to 
shore, shore to ship, and shore to shore, when 
6oth the originator and addressee are outside 
the cjg^ntlnental United States and in the same 
ocean' area. Ocean area, as used here, should 
be interpr^ed as follows: naval ships, stations, 
and activities in the Atlantic, M^iditerranean,. 
Caribbean, -and >^iddle East areas are con- 
sidered to be in^i|he same Ocean area. Ships, 

itions; andtacti^les in the Pacific, Far East, ' 
inci Alaskan ar^ai^' are considered to be in the 
. saji]i« ocean area. . ' \, 

tolk> free Class E message can be sent 
Irdm .-^ ship or overseas station to a continental 
U.S. addressee as lon^ as the ship or ovec-, 
seas activity 'is in direct (point- to-gj^int) com- 
inunlcations ^ with the shore stattoi^ and the 
fin^ .jdelfvety can be made without ^tfie use cj^, 
c<immer^^M commu'nicatiens.' As long as* a corp- 
mercial com,pai% is not involved in the-Ueli^eryy^ 
tkere is dp c)iarg'e« foi^ the Navy circuit routntgj ^ 
The follo^ving is^ an example of a' non-toll 



cfass E me^sag9**troni' a nai>al 



to ^a naval 



activity. This example could also apply to non- 
toll 'Class E messages from ship to ship, station 
to ship, or station to statipn: < 

RTTUZYOW BULYMlBOOOl 3001230-UUUU — 

RULYSUU. 
ZNR UUUUU 
R 271230Z OCT 77 
FM USS AMERICA 

TO NAVSTA GUANTANAMO BAY CUBA 
BT 

•UNCLAS //NOOOOO// 
MSG RMC LARRY HOLLINGSWORTH 
RECEIVED PICTURES FROM LAST TMP; 
LYNDA AND CHILDRE^N APPRECIATE THE' 
HELP. SEE YOU SOOI^, " 
HARLEY 
BT 

^ 0001 
NNNN 

It is also possible to send a collect Class E 
message to the ;<avy Federal Credit Unioh, 
Washington, DC and the Navy Federal Credit 
Union,^ San Diego, The comiTiao^ sending "^the 
VcoUect Class E message must be^a ship or Jiaval 
activity overseas, as outlined above. NTP 9 
provides examples of collect. Class E messages. • 
Personnel - ©n board ships, and ' overseas t. 
activities may also receive telegrams from a 
person outside the Naval Establishment at no cost 
to the m'litapy persSn, The originatot of such 
a message usually sends a Western Union tele- 
gram to either NAVCOMMU Washington, DC or * 
NAVCOMMSTA Stockton, CA (depending on the 
location of the addressee) for refile with the 
correct telegraphic address of the military 
person. The correct telegraphic address, should 
be comprised of the individual's name £^d rank 
or rating, ship or station, in care of the ai>pro- * 
priate communication station or'communj^atjon . 
unit mentioned above. When the message arrives 
at the refile station, thfe sender haS.alr^ady paid 
Western Union for the, transmission from the 
point of origin to the reflle station. The ^reflle 
station^hen routes the message to the fleet 
broadc^' or overseas circuit, for which there 
1^ no charge. No accounting or abstracting is 
' fecessary by the 'coni-nercikb traffic c^erk be- ^ ' 
>■ cause the Navy has hmndlet} ndr money.' y 

.^oU Claii^ ivit^fesages • - .'^^''^ > ^ i 

* .,'\A^toll <:ia8s E message one hendjed- » 
pariially by a commercial carter. ^This type\ 
^ of metjisage, is sufij^t to'^tcAi^ becau*^ the r^ile 
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station, must tra^fer the message to Western 
Union for delivery to the addressee. The two 
naval communications a<ptivities authorized to 
receive andj refile Class E messages com- 
mercially with Western Union are NAVCOMMU 
Washington, DC and NAVCOTJMSTA Stockton. CA. 
If the origingtor is inthePacific Ocean, Far East, ~ 
or, Alaska area. Class E messages should be 
addressed to NAVCOM VISTA CLASS E REFILE^ 
STOOK TON CA" for relay to Western Union. If 
the c/rlginator is in tha Atlantic, Mediterranean, 
idle East, or Cari'obean area, the Class E 
Tnessages should be sent to NAVCOMMU CLASS 
E REFILE WASHINGTON DC." 

. Class E messages may be sent as *'telegrams" 
or ''overnight telegrams." Telegrams are full 
rate messages and are accepted for immediate 
transmission with a minimum charge rate of 15 
words. Overnight telegrams are usually accepted 
anytime during the day -but are held for trans- 
mission untU message traffic conditions are slow 
enough »so thkt they may be transmitted. Usually, 
they will be sent by the following morning. 
Overnight telegrams carry tfte service indicator 
**NL" for distinction as^a message to be handled' 
at the end^of the working day. Full rate telegrams 
carry no ^rvice indicator. 

The follQwing is an example of a Class E 
message from a ship to a Navy Class E refile 
point for Western Union delivery: 

RTTL'ZYUW RrLYMlB0002 3001300- TU UU — 

RULYSUU. 
ZNR UUUUU 
R 271300Z OCT 77 
FM USS AMERICA - 

TO NAVCOMML* CLASS E HFFILE WASHINGTON 
DC 

BT • ' ' 

UNGLAS //NOOOOO// 

AISG gK14 NL COMLE ^2 

JACK KENT 

144 OAK STREET 

WISCONSIN RAPIDS, Wl 54494 

DAD. NEED TWO HUNDRED DOLLAR- LQAN 
FOR CHRISTMAS EXPENSES. PLEASE SEND" 
' ' SOON. , 

JOHN KENT USS AMERICA 
BT ' " • 

*0002 

•The ^ndicato^^MSG is aJv^ays transmitted asAhe 
first ^rouf^aft^ t^e classification line to indicate 
that this is a Class E message in^ra ?^vy or* 
refiled V^^^ Western Union, 'the commercial 

.check (CK") followed! by the Chargeable word. 



count is transmitted after the indicator MSG.- 
On\y the text and any additional material added 
tp the signature are counted as chargeable words 
In commercially refiled Class E messages. In 
the example above, the service indicator **NL'* 
designates it as an overnight telegram. The-com- 
mercial designator **COMLE" is transmitted 
on all 'Class E messages to be refiled with" the 
Western Union Telegraph Company.. Tlie text 
follows with the name of the ship or activity 
of origin as the last words. The name of the 
ship or activity at the end is chargeable, but 
the signature is not, as long as no additions 
are rpade to the signature. A service number 
added to the signature, for example, would In- 
crease the number of chargeable words. 

Class E Rates 

Rates for Class E messages filed with one 
of the authorized Navy transfer points are nor- 
mally set up on a **flat rate" schedule as 
determined by agreement between Western Union 
and COMNAVTELCOM. The rate tables are 
provided in NTP* 9 and are subject to change 
as promulgated by CQMNAVTELCOM. T|jie mini- 
murp charge for arf overnight telegram 's for 
100 words of text, and the words in excess 
of that minimum are charged for on a **per 
word" basis. The minimum charge for a full 
rate telegram is for 15 words or less, with 
extra oharges for additional words. 

Personnel aboard ships and overseas stai^ons 
should be kept aware of the availability of* 
Class E messag,e service and the current rates 
applicable. Pefsqnnel should also be encouraged 
to send the information concerning 'theff tele- 
graphic address to their families. This may e^se 
the burden in contacting them, if the need should 
arise. 

Abstracting ^ 
Class E .Messages 

. ■ ^ 

All naval sHips, stations, and activities ori- 
ginating Class E messages involving tolls should 
submit monthly reports under report symbol 
NAVCOMPT 2r^)l-l listing all toll m'essages 
handled. All rep6rts should be mailed td the Navy 
Regional Finance Center, Washington, DC 20371, 
Reports- from ships should be'mail.ed by the 5th 
of each month following handling, and naval ■ 
stations and^activities should maiU^the reports 
by the 10th of 'each month.. * . • , 
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^ Tlie CiassJ 
"the fohowing: 



s^ni^ss^e report should ^^priB^ 



!• The Class E m^ssag^e abstract form 
' ' (NAVCOMPT Form 2067). 

2, One copy of each Clas s E me s sage handled , 
showing cDmplete transmission data.- 

3. The renjittance. * h^:^^-.--. 

The r^mitt^rice should bfe in th.e form of an 
exchange-tor-cash U.S. Treasury check, U.S. 
postal money order, or an American Express 
money order made payable to **The Western 

* Union Telegraph Company, Washington, DC 
20005.*' The check or money order should ac- 

" company the report sent to the Navy Regional 
Finance Centfer. 

Caution must be exercised here by commercial 
traffic clerks to ensui^e the check is jnade payable 
to Western Union for Class E messages, even 
though the report (and the check) is mailed 
to the Navy Regional Finance Center, Washington, 
DC. . • 



' ARI^^EMBNTS Wl'^ 
TEl5fit?HONE COMPANY 
FOR INITIATION OF SERVICE 

No prior' ai?rangem6^iits are necessary to^ise 
this service for collecNcalls, toll ^credit card 
e^l^ or forv>call^ billed to third numl^er,'* ^ 
(trie. other than the calling or called party.) 
^^^'^^sejvice Is to be used^or calls paid aboard 
Ship (as may be the casie of USNS Qontract 
ve^aig^ls), ^the ship or aircraft squadrjDn com- 
man<ter must establish an account with the tele- 
phone company representative nearest the home 
teleport assigned to the unit. The form letter 
(as shown in fig. 17-4), when filled out, contains 
all the necessary data to establish a coastal 
harbor service billing account. Ships desiring 
to use the Hawaiian coastal ship-to-shore service 
must first make local arrangements w^th the 
Commercial M^nager^awaiian TelepAwe Com- 
pany, Honolulu, Haw^JsP ' ^ . 

After the account is established (except those 
established in the Hawaiian area) it covers ' 
service through all the coastal harbor stations 
in the continental United States. 



COASTAL HARBOR 
RADIOTELE^PHONE SERVICE / 

Coastal hajbor radiotelephoi;ie service is a 
two-way telephone commianication service 
through a commercial land radiotelephone station 
between a naval vessel and any telephone on 
land. This service is provided to meet the 
needs of ships operating within a few hundred 
miles of the shore and is known commercimly 
. as the coaijtal harbor service. Except for l/SNS 
contract 'operated vessels, naval vessels yQsing 
this service are limited to calls o^iginatyig on 
the ship. Calls normally are made collect in 
order to keep shipboard abstractingto a minimum. 
Incoming calls to the ship (except those necessary 
to complete shore-rship connections that involve 
some delay) .are not accepted. 

The coaMal harbor radiotelephone service \h 
authorized for . passing official messages when 
'appropriate. Any official message passed' via 
this^^ circvi^;, requires re}ease by an aut|KJrized 
releaslngcptficer. ' \ * 

All U.S. Navy ships are authorized to use 
thie service in peacetime unless othel'wise di- 
rected by appropriate authority. " 



In the event the ship is assigned to a new 
home port, a new* form letter is sent to the 
telephone company repre sentati ve nearest the 
new home port. A copy also is"^ forwarded to 
the former represei!|^tive handling the billing 
account; one letter to establish an account and 
one to discontinue the old aocount. 

Shipboard Arrangements 

' Shipboard arrangements for use of telephone 
service are handled by the communication officer. 
The communication/officer or a person designated 
by him serves as th^ shipboard technical operator. 
He is responsible for all technical details incident 
to shipboard operation of equipment. - 

Rates..for Service 

The charge for service depends upon ftie 
, location of the ship as well as the Mnd tel'e- * 
phone. Th^ co^astal waters are divided into rate 
areas. Which are defined" by latitude and longi- 
tude, as' shown in NTP 9.- Calls normally are 
made 'collect. Charges (toll' plus tax) on all 
calls miast be GoileQjted^when ^^is. .impractical 
to make the call collect. The niarine operator 
will furnish the charges upon request. 



EKLC 



r,a74 



8 



V / . Chapter 17— ^COMMERCIAL TRAFFIC 



(date) 

From: Commanding Officer, U5S^_^ ^ 

To: • • ' ; 



Subj: Coastal Harbor..iiand/or ) High Seas Radiotelephone Service; request for 
establishment or di scontinuar>ce^of account 



\^ Type account: Co asta l Harbor 

Hi^B|eas 
, Ot|f 

2. Action: Establish 

Discontinue 




The following data ""is submitted; ~? 

^Nawe of Vessel U55 

. International Cal r Sign ' ' 

Assigned Home Port; . . ^ 

;- Bill1ng.,4ddress: - ,^ Communications Officer 

. USS • ■ 



(C/0 F.P.O. or other as appropriate) 



4. The. account with representative for Coastal Harbor and/or High "^eas 
Accounts at _to be terminated effective ^ 

5. This vessel wilJ/wm^iot feccept 1 ncom^ . f f ic an^ therefore will/will not 
monitor Coast Station^Roll Caljls. ^wm_^^mul 



^ Copy to : 

(Type Commander) 



The letter will be signed by 
the Commanding Officer or his 
duly authorized representative 
by di rection . ) 



. , .. . 76.155 

Figure 17-4. — Form Letter for Requesti^yg Establishment of Coastal Harbor and High Seas Radiotele- 
phone Service Account. 

Equipment for this service. Ac(3urate tuning to the correct 

' frequency is e&sentia(l to ensure good service. 
Transmitters: All 'standard^ Navy MF/HF ^ • 

transmitters designed for A3 (voice) emission Push-to-talk, release-to-listen operation^ 

are; if properly tuned and adjusted, adaptable This method is considered to ^ the most 
\o this service. ' ^ . " practl^al^^ and satisfactory type ^of Operation. 

* , . However/ this Method offers difflculttfB^f^lffun- 

Receivers:' .All , standard >Javy MF/HF re- practiced users. It is anticipated thSTsome 
Ceivers' designed for^A3 reception are suitable instruction will be necessary. ^ 
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Frequencies, station locations, ancf call signs 
are listed In the current editiorw of NTV 9. 

How to Place a Call 

* If you assume that the person desiring to 
place a call has made necessary arrang ements 
with the communication officer anri^ that trans- 
mitting and receiving equipmerrt have been pi'op- 



e^rly adjusted and tuned to'.the desired sh(5?e 
station frequency, l;he following procedure - is 
observed for placing and com{)leting a call. The 
ship's technical operator will — 

1. Liisten to make certain that the circuit; 
^is not in use, 

2. If the circuit is clear, call the marine 
operator by voice. If there is no immediate 
response, repeat the call ^ter a short interval. 
Excessive testing, calling, and transmission of 
signals without identification are forbidden. 

Example: 

''Norfolk Marine Operator, tfiis is the ySS 
America.'* 

3. Wheli the telephone company marine op- 
erator responds, give the name of the ship, 
coastal rate area in which the ship is located, 
and the city and land telephone number desired. 
The marine operator should be requested to pro- 
vide the time and changes when non-collect 
calls are made. Exaniple*:^^^ 

'*This is USS America, rate area 2A, 
calling Minneapolis, Minnesota 336-1095 ^ 
collect.** ^ 

4. When the telephone company marine op- 
erator has recorded call details apd made neces- ' 
sary connections, the circuit is ready for the 
person making the call. For best results,- speak 
naturally and not too loudly. Also, wait until 
the other party has finished speaking 'befiw^e 
starting to talk. 

5. Upon completion of the conversation, im- 
mediately advise the telephone gdmpany marine 
operator that the call is completed. Example: 

;*This is USS America. Call completec^.*^, \ 

f ^ 
HIGH SEAS 'RADIQ| \ 
TEl.EPHONE SE^V^E 

Ship radiotelephone s^^rvice through high seas 
radiotelephone stations provides communication 



between a ship and a land telephone. Service is 
furnished' though land radiotelephone stations 
WOO, N^w York, NY; KMI,^gWclatid, ,GA,- WOM, 
Miami, FL; and KQM, K^ukl§Bfehu, HI. 

Authorization and availabimy of this seiwice 
remain ..the sa^ne aa for coastal harbor radio- 
telephonp Rftr viPR. ^ecaugre of the^i stance in- 



vgjyed', howeyer, the provision of service through 
the$e stations is subject to transmission, ^atmos- . 
pberic, and other limit§itions. 

-Ordinarily, service t(y ships operating near 
M;he coast* of the**^ United States ^ furnished' 
through coastal* harboj radioteleplWie stations 
established to provide radio commxmicationst)ver » 
relatively shoptdistanqes. It is contemplated \ 
that, in generaTT ship radiotelephone service 
through high seas,,<?^diotelephone stgitions will 
be used by ships operating beyond the normal 
range of tR^ese coastal'harboV stations. 



CONDITIONS UNDER 
WHICH SERVICE 
IS PURNISHEJ 



c The conditions under which high geas-'iradio- 
telephone service ia furnished are essentially 
the same as for coastal hart>or stations. An 
exception furnishing the station with a general 
approximation of the bearing of the ship on the 
shore station in order/to assist with, selection of 
the antenna. 



Service Charge 

Determination of service charge depends upon 
location of^ both the ship ^nd the land telephone. 
. T-he United States J s divided into land rate areas 
by groups of states; the o.ciafans are divided into 
ocean rate* areas defined by latitude and longi-. 
tude. Land and ocean rate areas are illustrated 
in^^NTP 9. 

Billing 01 Serviee Charges ' - 

Normally, all calls are made Collect. If it 
is impossible for all ^alls to be made \jollect, 
then the xihai'ges are billed against the coastal 
harbor telephone service account of the ship. 

Difference ip ' V 
Operatrng^ Procedures - - ^ 

The traffic .procedures to be followed by 
ships in handling calls through high seas. rjaiSio- 
telea^3?heietations differ but slightly frorVi handling 
calli^ through a 'coastal harbor station. THfe 
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JSsential differences In dealing with calls are 
p*follows.\ ^ * 

f 1. After the radio circuit is established 
between^^rtfcship and the shore traffic operators,; 
Jie det^K of. all calls on hand are. passed,' 
ogether ,mth any reports • pertaining to calls 
carried forward from a previous (Contact period. 

2^ Tn^dealir^g with a number of active calls, 
I definite order of precedence of one call oter 
mother should be foUpv^d.* The basic order in 
he^ use of the circuits Is that a call on which . 
x)th parties are in>medlately available fs com- 
)leted before proceeding with *new^calls; •other- 
vise, calls are" dealt with in the order in which 
hey a.re booked. ^ _ 



> 3". To facilitate Identification of a^particular 
call where more than orle call is active^ at the 
same timfs, the shore traffic operator assigns a 
serial number taeaG|i call. ' * ^ 

4, In passing to the ship operator a call7 re- 
port, pp^jg^der that necessitates mention of a time, 
of day,^'the shore traffic ope;*ator gi?ves the 
tinnie in terms of, the shore statiojrtn all instancies. 



Frequencies 



Operating TrequenSies .for high seas radio- 
telejjhone stations are contained, in NTP 9. 




AI^PENDIX I 



GLOSSARY ORJERMS 



- * . » - 

ACP -r- Allied Communications Publication, 
Provides communications instructions cuid pro- 
cedures essential to conducting combined military 
operations and comTiunications in which two or 
more Allied nations are ini^olved. . 

J / 

AF — Audio Frequency, A frequency which can 
be detected as a sound bjr 'the human ^ar. The 
range audio frequency extends from Approxi- 
mately 20%'20,00p Hz. 

AFTS — iQdio Frequer[cy Tone Shift, Keeping 
the radio (Mirrier constant and shifting back 
and forth becWpen two discrete audio frequency 
tones to pro^ce the MARK/SPACE signals of 
a teletype chal|pel. 



AMPERE- 
current. 



me practical unit of electrical 



Attenuation — A r^uction , or • loss in 

energy. Attenyation occurs naturally during wave 
travel' through lines, waveguides, spaces, or 
a medium *.such as water, Attenuatiolfi may' ^)e 
produced intentionally by inserting ah attenuator 
in a& circuit or placing an Isibsorbing device In 
the path of the radiation: . * ' 

»a " . • ■ ■ • ♦ 

AUTODiN — Automatic Digitjil Network, A 
world-wld6 automatic communication systenithat 
provides automatic data Service. It is a general 
purpose network ojf Uie defensfe- communications 
System. 



AUTOVON-r Automatic Voice Network, An 
automatic circuit switching network that pro- 
vides, voice interconnection between mUitary 
and other installatiOna, Navy afloat and aircraft 
units are prpvided aCccess to AUTOVON. 



AMPLITUDE— The maximum' periodically 
varying quantity (such as an alternating voltage) 
as measured from its average or zero values^ 

AMPLITUDE MODULATION — The process by 
which the amplitude of the rf carrier wave is 
varied" in accordance with the electrical form 
of the message. In amplitude mafdutation, the 
frequency of the rf carrier remains constant. 

ANTENNA — A device used to radiate or inter- 
cept radio waves. 

ANTENNA LOADING— The process of adding/ 
removing inductance or capacitance of an antenna 
to make its electrical lengtIT adaptable to the 
rfj^liated or received signal. 

ASC — Automatic Switching Center. 

ATMOSPHERE — The mixture of gases, chiefly 
oxygen and nitrogen, that surrounds the earth. 



AUTOSEVOCOM — Autorhatic 
Communication Network. 



Secure Voice 



" BAUD— A unit of telegraph signaling speed. 
The speed in bauds is the number of code ele- 
ments (marks and spaces) per second. ^ 

BipiRECTIdNAL — Response in two. opposite 
directions. 

BOOK MESSAGE— A message destined for two 
or more ^addressees but is of such a nature that 
the drafter considers that no addressee need or 
'should be infornried ,of any other addressee,, 

CALIBRATING — To, determine, by measure- 
ment or comparison with a standard, the correct 
value of each scale reading on a meter or 
other device or to determine the settijigs of a 
control that correspond to particular values of 
voltage, current, frequency, or some other quan- 
tity. 
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CARRIER — The unmodulated radio waVe pro- 
duced,, by a tranfirnifter. 

-CIC — Meaning Combat Information Center. 
Meaning #2': Content Indicator Code. The Intended 
meaning will be readily apparent to the reader 
by the contents of the subject matter. 

CODRESS^ Message type where the origina- 
tor and all addressees are Includ^ In the. 
encrypted text. 

? . * • 

COMPROMISE — The known, or suspected ex- 
posure of classified information or material 
to ah unauthorized person. 



DIRECT WAVE — A^ radio wave that Is propa- 
gated In a straight line from the transmitter to 
the receiver. . ' 



DISTORTION — An undesired change in wave- 
forms. . ^ 



DUCTING— A phenomenon Ih which radio 
waves are trapped In a layer or duct of warm 
air. The duct acts as a wave guide and may cause 
.the wave to be received over abnormally long 
distances. 



EHF — E^ctremely 
G^z) 



High Frequency (30-300 



COMSEC MATERIAL — All materlgil, (ncludlng 
publications, devices, equipment, or apparatus 
essential to thfe enfcryption/decryption,or authen- 
tication of telecommunications. 
» 

CONDUCTIVITY — The ability of a material to 
conduct electric current. 

CONFIDENTIAL^— A classification assigned to 
information or' material. The unauthorized dis- 
closure of Confidential 'Information could reason- 
iHSly be expected to cause damage to the national 
security. 

CONTROLLED AREA — An -area within which 
uncontrolled movement does not pelrmJt access 
to classified Information, and Is designed for 
the principal purpose of providing administrative 
control, safety, or a **buffer'' area for limited 
or exclusion areas. ^ ^ 

CRITICAL FREQUENCY — The maximum fre- 
quency below which a radio wave will be refracted 
toy an Ionospheric layer at vertical Incidence 
at a g^ven time. Higher frequencies will penetrate 
the layer. Also called penetration frequency. 



CURRENT — A movement 
charges along a conductor. 



of r electrons or 



DECIBEL — A unit used to relate the ratio of 
two power levels. Each three decibels (dB) Is 
equivalent to a 2-to-l power ratio. 

DIFFRACTION — The" apparent bending of a 
wave around the edges of an object. It Is caused 
by lr\terference between wave components scat- 
tered by the boundaries of the object. 



^^ELECTROMAGNETIC ENERGY— Energy as- 
sociated with radio waves, heat wave^, and^dtKer 
types of eleptromagn^id radiation. 

EMCQN— Electromagnetic Emission Control. 
Effective management of emissions .to obtain the 
maxlmiim tactical advantage. 

Encryption — The process of converting 
Intelligible Information to an unintelligible form 
for transmission. 

EXCLUSION AREA — An area containing clas- 
sified Information , of a nature that access to the 
space would constitute access to the. Information 
contained In the space. 

EXEMPT— Ah element of a collective call 
sign who Is not an Intended addressee of the 
message. Designated by the proslgn ?CMT., 

FACSIMILE (FAX) — A system of communi- 
cation In which a photogr,apK, map, or othei^^' 
fixed graphic material Is scanned and the In-, 
formation converted Into signals for transmission 
by wire or radio to a facsimile receiver* at 
a remote point. 

FADING— Variations,, usually gradual. In the 
field" strength of- a radla^signal that are caused, 
by changes Jn the transmission path or medium. 

'FEEDBACK — The return of a portion of the 
output of a circuit to Its Input. 

FIELD STRENGTH — The strength of an elec- 
tric, magnetic, or electromagnetic field at a 
given, point. 
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FREQUENCY— The . number of complete ICSB — Interim' Command Switchboard. A sys— 

cycles per unit of time for perlodfc phenomena/ . tem pi:ovldlng. an Interface^J&etwefen voice radio' ; 
such as alternating' current, sound waves, or circuity and* shore telephone systemjj.» 
vibrating systeiftB. f ^ , ' - ■ • 

. . ' INCIDENT WAVE— A wave that Impinges on 

a . discontinuity or *on a medium having unlike 
propagation. characteristics. Also, a current or' 
volta,ge wave that ts traveling through a trans- 
mission ^llne* in a ^direction fi*om '3ource to* 
load. ' ^ »/ ' . 



FREQUENCY DIVERSITY — Diversity recep- 
tion which Involves* the use of two or more 
carrlfer fr'equenclefi, eaCli having;' the same modu- 
lation, to take advantage of the fact that fading 
does not occur sln^iultaneously on different fre-^ 
quendesrf ^ . \ ^ 

FREQUENCY MODULATfON — ^odulatlon In , 
'which the Instantaneous fre^quency of the carrier 
is caused to change by an amount proportional 
to the instantaneous amplitude of the modulating 
wave. 

/ ■• 

FREQUENCY OF OPTIMUM TPAFFlC 
(POT) — The frequency which is capable of pro- 
viding the communications between two specific 
points for 4 given hour, depending upon the con-^ 
dltlon of the ionosphere. ' | . 

FSK — Frequeridy Shift Keying* A variation of 
frequency mo^iulation. The rf carrier frequency 
is shifted above and below the carrier frequency 
of the transmitter corresponding to the m.^rks 
and spaces of a teletype signal. 

FREQUENCY SPECTRUM — The entire range 
of frequencies trom sound waves up through the 
various degrees of light* waves. 

GIGAHERTZ — Kilomegahertz. Gigaisaprefix 
representing 10^. 

GRO UN DWAVE— Refers to those types of 
?*adlo transmissions that do not make use of 
refractions from the ionosphere. Direct waves, 
ground- reflected waves, surface waves, and trop- 
ospherlc waves are all components of the ground 
wave. 

GROUNI? REFLECTED WAVE — The com- 
ponent of the ground wave that reaches the re- 
ceiving antenna after" being reflected from the 
ground or the sea. ' ' 

HERTZ — Term used to indicate cycles per 
second. Exampl^: Hz, KHz, MHz, etc. , 

HIC6m — Navy High Command world-wide 
voice network. 



INFR^flED— Electromagnetic radiation that 
lies in the frequency range jujst below that of 
visible red light. ' . 

■* - ' 

IONOSPHERE — The ' outer region of. the- 
earth's ^ atmosphere Where lops and electronb 
sere present In qiiantltles sufficient to affect* 
the prO{Migation, of radio ,y/ave,s. It begins abovjt^ 
30 mll^ -up* and extends to- about 250 mllefif,' 

ISB — Independent Side Band^ Independent side*- 
band is radiation of a reducTed rf carrier ofi 
which one intelligence is 'used to modulate 'the 
upperside and/ another intelligence- is used to 
^odulat^^the Ibwerside. . . ' 

ISOTROPIC ANTENNA-^ A hypothetjicar an- 
tenna that radiates or' receives signals' dually 
well in all directions. 

JANAP— Joint Army-Navy- Air Force Publi- 
cation; 

kHz — kilo Herlz (1000 Hertz). ! 

LDMX — Local Digital Message Exchange. ^ ' 

LIMITED AREA — An area Containing classi- 
fied info;?matlon in which uncontrolled movement 
would permit ^ access to such classified in- 
formation. - 

LOBE — The *Hear drop" shape radia,tl6n 
pattern of a directional antenna. .The direction" 
of maximum radiation coincides , with the axis 
of the mgijor lobe. All other lobes in the patterrf 
are called minor lobes. ' » 

LOWEST' USABLE FREQUENCY (LUF)— The 
lowest, high frequency which is dependent upon 
equipment characteristics that is effective at 
a specified time, for ionospheric propagation 
'ot, radio waves between two specified points. 
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LS^— Lower, sideband. The band of fre-' 
q^encies in an ari^plltude modulated rf wave 
whieh extends from ithe rf carrier frequency to 
3 kHz below the rf carrier frequency. 

M.\XIMUM USABI^E FREQUENCY (MUF) — 
The. highest 'operatlte^-froquency that Is re- 
flected (from . the iOnod^here for point-to-point 
path for 50%' of the days In ^ given month., 

MICROWAVE —Wavelengths in the micror 
wave spectrurp from. '^bout. 30 cm to 0.3 cm. 

MINIMIZE — The condition necessary to re- 
duce voice ai\d record traffic so that essential 
traffic may be efficiently :halidled. 

MHz— Mega Hertz* (1,000,000 Hertz) 

MPDS — Message Processing and Distribution 
System! ' 

I«/AVCAMo— Naval Com-pinications Area 
Master ^Station, control coordination of all naval 
communications within a NAVCOMMAREA. 

.NAVCOMMSTA— Naval Communications Sta- 
tion. An activity which operates and maintains 
those facilities, systems, equipments, and 
devices necessary to provide requisite fleet 
Support and, fixed communications s/ervlces for; 
a specific area. 

NAVCOMMU— Naval Com muni cat ions' Unit. 
An activity smaller in personnel, resources, 
,and. facilities than a NAVCOMMSTA and whidi 
is assigned a more limHerf or specialized func- 
tional mission. 

NAVCOMPA^RS— Naval Communications Pro- 
cessing and Routing System. 

• " / • ' . 

NAVR^DSTA — Naval Radio Station. A NAV- 
RADSTA may be eithei:- transmitter or receiver 
and provides the NAVCOMMSTA/NAVCOMMU 
iVlth transmitting and receiving facilities. 

NOISE — An undesired electric disturbance* 
that tends to interfere with the normal reception 
or processing of a desired signal. 

NWPL — Naval Warfare Publicatiojis Library. 

OFF-LINE-^ The term,\ised to describe the 
process of encrypting messages for transmission 
using manual procedures and having the message 
in an encrypted form when handled by the oper- 
ator. 



OriM — The unitiof electric resistance. A cur- 
rent of i ampere will flow through a resistance 
of 1 ohm when a voltage of 1 volt is applied. 

OMNIDIRECTIONAL — Radiating or receiving 
evenly in all directions. 

ON-LINE — The terrtujjised to describe the 
method of automaticallyOfencrypting a message 
as it is transmitted through a classified crypto 
system. 

OSCILLATOR-^' A circuit that geperates al- 
ternating current at a frequency determined by 
the values of its electrical components. 

PARABOLIC ANTENNA— A directional mi- 
crowave antenna using some form of parabolic 
reflector to give Improved sensitivity and di- 
rectivity. 

PEAK ENVELOPE POWER (PEP) — The av- 
erage power supplied to an antenna- by a single 
sideband transmitter. , 

PHASE — The position of a point on the wave- 
form, of an alternating or other periodic quantity 
with respect to the beginning of the cycle. 

PHASE MODULATION — Modulation in whicfti 
instantaneous phase of the carrier wave is 
caused to shift from its normal position by an 
amount proportional to the instantaneous am- . 
plitude of the modulating wave. 

POWER — The rate at which electrical energy, 
is supplied to or taken from a device, measured 
in watts. 

PRO FORMA MESSAGE — A message with 
strictly formatted textual elements. Information 
in these messa^s always appears in the same 
location, as in MOVREPS and CASREPS. 

PROPAGATION — The method by which elec- 
tromagnetic or sound waves travel through a 
conducting medium. 

*^Q*' MESSAGE — The classified portions of 
the navigational warning system of Allied nations. 

RADIO FREQUENCY (rf) — A frequency at 
which coherent electromagnetic energy is .use- 
ful for, communicatiQns purposes. 



381 



3h 



ERIC 



RADIOMAN 3 & 2 



I. 



REFLECTOR — A System of metallic rods, 
screens, or surfaces used with an antenna to 
•give it a directional effect. 

REFRACT — The bending of heat, lig^t, radar, 
radio, or sound waves as they pass obliquely 
from one medium to another ih which the velocity 
^ of propagation is different, 

RELATIONSHIP OF VOLTAGE, CURRENT, 
RESISTANCE, AND POWER— Voltage is the 
force that moves electrons, creating current 
flow. Current flow is directly proportional »to 
the amount of applied voltage. Resistance is 
the opposition a circuit offers to the flow of 
current. In a circuit containing orfly resistance, 
power is equal to the product of the current 
and the voltage. ' 

RELEASING OFFICER — The commanding of- 
ficer or officers designated by the commanding 
officer with the authority to release outgoing 
messages for the command. / 

RESISTANCE — The opposition that , a device 
or material offers to the flow of electrical 
current. Resistance is measured in ohms. 

' RESONANCE — The condition existing in a 
circuit When the frequency of an applied voltage 
or current equals the natural or resonant fre- 
quency of the circuit. 

RFCS— Radio Frequency Carrier Shift. See 
the definition for FSK. 

RHOMBIC ANTENNA- A horizontal antenna 
having the shape of a diamond or rhombus. ' 
Usually fed at' one apex and terminated with 
a resistance or impedance at the opposite apex. 

V' 

SECRET — A classification referring to 
national^ security information. The unauthorized 
'disclesure of Secret material could reasonably 
be expected to cause serious damage to the 
national security* 

SELE CTIVITY — A merit figure that expresses 
the ability of a circuit or device to respond 
to an input quantity. 

SENSITIVITY — The4iinimum input signal re- 
yquired in a radio receiver to produce a specified 
output signal having a specified signal-to-noise 
ratio. ' 

SHF — Super High Frequency (3-30 GHz). 



SKIP DtSTAKCE — The shortest distance from 
the transmitter at which a given sky wave Will 
be returned to the earth after reflection from 
the ionosphere. 

■ r 

SKIP ZONE — An area beyond the ground- 
wave reception region, within which no radio 
signals are received. Beyond the skip zone, 
sky-wave signals may be received. 

SKY WAVE — A radio wave that travels up- 
ward and away froni the earth. It may be re- 
turned to the earth by refraction from the 
ionosphere. 

SPACE DIVERSITY — Radio * reception in- 
volving the use of two or more antennas located 
several wavelengths apart. These antennas feed 
Individual receivers whose outpute are com- 
. bined. - < 

SPACE WAVE — The component of a radic* 
wave that travels through space from the trans- 
mitting antenna to the receivlng.antenna. One part 
of the space ^wave travels directly to the re- 
ceiving antenmi while the other part is reflected 
off the earth. 

STANDING WAVES — A stationary wave which 
builds up on a transmission line when some of 
the energy being fed /by the source is reflected 
back froift the load. The incident and reflected 
energy reinforce at fixed points and build up 
a standing wave. 



STP ATOSPHE RE — A layer of the earth's 
atmosphere abovei^^ the troposphere extending 
from about 7 inlies to about 50 miles above 
the earth. The temperature is essentially con- 
stant in the stratosphere. 

SUNSPOT — A dark spot observed on \hejs(iru 
Such Observations are usually followed by^ag- 
netic, storms near the earth. T^es^ storms 
affect radio communications at the^^wer fre- 
quencies. 



SURFACE WAVE — A wa^e that travels along 
the surface of the earth/The distance the sur- 
face wave travels frMi the transnilttlng antenna 
is governed by th^/power generated from the 
transmitter. / 
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TOP SECRET — A clftSBlficatlon referring to 
luitlonal Beourity information. The unauthox4zed 
dlMlosuire of Top Secret material could reason- 
tbly l3e expected to cauoe exceptionally grave 
damage to the nationid security. ^ 

TROPOSPHERE — The portion of the earth'js 
atmosphere extending upward from the surfac^ 
of the earth up to atout 6 miles in which tem- 
perature generally decreases with altitude, clouds 
toi^t and convection exists. 

TUNING — Adjusting circuits for best per- 
formance at a desired frequency. 

TWX — A conamercial teletypewriter ex- 
change.^ \ 

UHF — Ultra-High Frequency. (300-3006 MHz) 

UNIDIRECTIONAL — Flowing in only One di- 
rection, such aa d,c. current. Radiating in only 
one direction. 



US? — Upper Side Band. The hand of fre- 
quencies in an amplitude modulate<^ rf wave which 
extends from the rf parrier to 3 kHz above the 
rf carrier. 

VHF-Very High Frequency. (30-300^ MHz) 

VLF — Very Low Frequency, (below 30. kHz) 

^ VOLT — The unit of voltage, potential differ- 
ence, and electromotive force. One yolt will 
c^use a I current trf one ampere to flow- t£rous^ 
a lresistince of one ohm. 

VOLTAGE — The term J^sed to designate ^ 
difference in electrical pressure between two 
points in a circuit which is capable of pro- 
ducing a flow of current. 

WATT The unit of electrical power. In a 
d.c. circuit, jthe power (in watts) is equal 'to 
the voltage (in volts) ^multiplied by the current 
(in amperes)^ ' - 
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ELECTRONICS SYMBOLS 



AMPLIFIErf (2) ' 

GENERAL 



WITH mo JNPUTS 

0 OUTPUTS 



WITH TWO OUTPUTS 



WITH ADJUSTABLE CAIN 




WITH ASSOCIATED PQWER 
SUPPLY 




WITH ASSOCIATCD ATTENUA- 



WITH EXTERNAL FEEDBACK 
PATH 




AMPLIFIER LETTER COMBINA. 
TIONS (a*npl<f>««-ui« id«n»ifica- 
tion in lymbol r«quir*d) 



BDC 

BST 

CMP 

DC 

EXP 

LIM , 

MOM 

PCM 

PRE 

PWR 

TRQ 



BRIDCINC 

BOOST E R 

COMPRESSION 

DIRECT CURRENT 

EXPANSION 

LIMITINC 

MONITORINC 

PROCRAM 

PRELIMINARY 

POWER 

TORQUE 



ANTENNA (3) 
CENERAL . 



•COUNTERPOISE 



Y 

ir 

lE 



ARRESTER, LICHTMIMC (4) 
GENERAL ^ 

CARBON BLOCK 



-{]Q- 



ELECTROLYTIC OR ALUMINUM 
CELL 



HORN CAP 



P ROTE CTI VE CAP 



SPHERE CAP 



VA-LVE OR FILM ELEMENT 

■Hlh- 

MULTICAT 



ATTENUATOR. FIXED 
(s«« PAD) (57) 
I tome lymbol os vanabi*' 



ATTENUATOR. VARIABLE (5) 



UNBALANCED 



AUDIBLE SIGNALING 
.DEVICE (6) 

BELL, ELECTRICAL; RINGER. 
T ELEPHONE 



ER " 



HORN, ELECTRICAL, LOUD-- 
SPEAK ER, SIREN; UNDER- 
WATER SOUND HYDROPHONE. 
PROJECTOR OR TRANSDUCER 



HORN, LETTER COMBINATIONS 
( I ( r«qui red) 

HORN, ELECTRICAL 
'howler 
LOUDSPEAKER 
SIREN 

ELECTROMAGNETIC 
WITH MOVING COfL 
EL E,CTROMACNE TIC 
Wl TH MOVING COIL 
AND NFUTRALIZINC 
WINDINC 

MAGNETIC ARMATURF 
PE RMANENT MAGNET 
Wl TH MOVING COIL 



•HN 
•Hw 
' LS 

• SN 

* Cm 



tMG 
t PM 



'identification »eploce4 ' 
oiiCMik ond (t > da9Qef> 



SOUNDER, TELEGRAPH 



BATTERY (7* 



GENERALIZED DIRECT, CUR- 
RENT SOURCE ONE CELL* 



MULTICELL 



CAPAcn 

,L 



CAPACITOR (8) 

GENE RAL 



POLARIZED 



1± 



ABL 



ADJUSTABLE OR VARIABLE 

CONTINOUSLY ADJUSTABL-C . 
OR VARIABLE DIFFERENTIAL 

PHASE-SHIFTER ^ 
SPLIT. STATOR 



FfED-THROUGH ^ 

. I Q-JO 

y ^ 



CELL. PHOTOSENSITIVE 
(Semiconductor) (9) 



ASYMMETRICAL PHOTOCON. 
DUCTIV€ TRANSDUCER 



SYMMETRICAL PHOTOCON. 
DUCTIVE TRANSDUIEER 



•NUMBER IN PARENTHESES INDICATES LCfrATION OF SYMBOL tN MIL STD PUBLICATION 
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PHOTOVOLTAIC TRANSDUCER; 
SOLAR CELL 



CIRCUIT BREAKER (11) 
GENERAL'? 



WITH MAGNETIC OVERLOAD 

h. b- 

DRAWDUT TYPE 



CIRCUIT ELEMENT (12) 
GENERAL 







CIRCUIT 


ELEMENT LETTER 


COMBINATIONS (r«ploc«* (*) 


ostcrisit) 




EG 


EQUALIZER 


FAX 


FACSIMILE-SET 


FL 


FILTER 


>"FL-aE 


FILTER. BANO 




ELIMINATION 


FL-BP 


FILTER. BANO PASS 


FL.HP 


FILTER, HrGH PASS 


FL.LP 


FILTER, LOW PASS 


PS • 


Power, SUPPLY 


RG 


RECOROrNG UNrT ■* 


RU 


REPRODUCING UNrT 


OIAL 


TELEPHONE OIAL 


Yel 


TELEPHONE STATION 




TELEPRINTER 


■1 


TELETYPEWRITER 



ADDITIONAL LETTER CDMBINA- 
TIDNS (symbols pref«rr«d) 



AR AMPLrFrER 

AT ATTENUATOR 

C CAPACrTOR 

CB CrRCUIT BREAKER 

HS HANDSET 

1 INDICATING OR SWITCH 

BDARI5 LAMP 

L INDUCTOR 

J JACK 

LS LOLibsPEAKER 

MIC MICROPHONE 

DSC OSCILLATOR 

PAD PAD 

P PLUG 

HT RECEIVER, HEADSET 

K RELAY 

R RESISTOR 

S SWITCH OR KEY SWITCH 

T TRANSFDRME^R 

WR WALL RECEPTACLE 



CLUTCH; MAKE (U) 

DISENGAGED WHEN OPERATING 
MEANS iVi^.ENERGIZEO 



AGED \ 
>NS IS C 



OR J i 



ENGAGED WHEN OPERATING 
MEANS IS DE-ENERGIZED 



COIL. REPLAY ond 
OPERATING (16) 

-0— []= 



SEMICIRCULAR DOT INDICATES 
INNER END OF WIRING 

-{1-op-Qz 

CONNECTOR (1^ 

ASSEMBLY, MOVABLE OR STA'- 
TIDNARY PORTION; JACK. PLUG. 
OR RECEPTACLF 

JACK OR RECEPTACLE 

-< OR D 

PLUG 

^ OR a 

• SEPARABLE CONNECTORS 

-^>- 0. CD 

TWO-CONDUCTOR SWITCHBOARD 
JACK 



TWO-CONDUCTOR SWITCHBOARD 
PLUG 



JACKS NORMALLED THROUGH 
OVE WAY 




JACKS NORMALLED THROUGH 
BOTH WAYS 



2-CDNDUCTDR NONPOLARIZED, 
FEMALE CONTACTS « 



TOR POLAR*: 



2-CDNDUCTDR POLA R»Z ED, MAL E 
CONTACTS 



WAVEGUIDE* FLANGE 



PLAIN. RECTANGULAR , 

choke. rectangular 
Engaged 4>conductdR; the . 

PLUG HAS 1-MALE AND 3 FE« / 
MALE CONTACTS, INDIVI0UAL| 
CONTACT DESIGNATIONS SHOWN 





~A 




B 




C 




0 



OR "T^®^ 



COAXIAL. OUTSIDE CONDUCTOR 
SHOWN CARRIED THROUGH ^ 

COAXIAL. CENTE* CONDUCTOR 
SHOWN CAR(?IED THROUGH; OUT- 
SIDE CONDUCTOR NOT CARRIED 
THROUGH 

? ! V i ? 



MATED CHOCK FLAHGES IN REC- 
TANGULAR WAVEGUIDE 



COUNTER, ELECTROMAGNETIC; 
MESSAGE REGISTER (26) 



GENERAL 



WITH A MAK E CONTACT 



E CONTAC 



COUPLER. DIRECTIONAL (27y 

( 

(common cooxiol /wovoguido usage) 



X 



(common cooMiol /wovogui d* usogo) 

E PLANE APERTURE-COUPLING. 
30-DECIBEL TRANSMISSION LOSS 



X® 



COUPLING (2t) 



BY LOOP FROM COAXIAL TO 
CIRCULAR WAVEGUIDE, DIRECT- 
CURRENT GROUNDS CONNECTto 



CRYSTAL. PIEZO- 
ELECTRIC («3) 



DELAY LINE (31)^> 



TAPPED DELAY 



BIFILAR SL-OW-WAVE STRUCTURE 
(comntonly usod in trav«ling-«&ov« v 
tubos) • 




(length of doloy-indicotion ra^locos 
(•) astofiti/) 

DETECTOR, PRIMARY; 
MEASURING TRANSOUCER (30) 
(••• HALL GENERATOR cntf 
THERMAL CONVERTER) 



DISCONTINUITY (33) 

(common cookIoI AvavcguiJo usogo) 

EQUIVALENT SERIES ELEMENT. 
GENERAL 



CAPACITIVE REACTANCE 



INDUCTIVE REACTANCE 



INDUCTANCE-CAPACITANCE CIR 
CUIT, INFINlf? REAfTANCE AT 



R€SDNANCE 
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RADIOMAN 8 & 2 



INOUCTANCE'CAPACITANCE 
CIRCUIT. ZERO ^ACTANCE AT 
RESONMiCE 



RESISTANCE 



EQUIVALENT SHUNT ELEMENT, 
GENERAL 




CONPUCTANCE 



f TWIN TRIOOE. EOUIPOTFNTIAL 
CATHODE 



INDUCTIVE SUSCEPTANdE 



INDUCTANCE -CAPACITANCE 
CIRCUIT, INFINITE SUSC^PT- 
ANCE*AT RESONANCE, " 



*INDUCTANCE-CAPACIJANCE 
CIRCUIT, ZERO SUSCEPTANCE 
RESONANCE ' • 



ELECTRON TUBE (34) 
TRIOOE 





TYRICAL WIRING FIGURE TO 
SHOW TUBE SYMBOLS PLACED 
IN ANY C0NVEl4lENT POSITION 



PENTODE, ENVELOPE CONlMECT 
' EO TO BASE TERMINAL 





REFLEX KLYSTRON. INTEGRAL 
CAVITY, APERTURE CQUPLED 




TRANSMIT-RECEJV.E (TR) 
TUBE GAS FILLED, T,UNABLE 
INTEGRAL CAVITY, APERTURE 
COUPLED, WITH STARTER 




RECTIFIER. VOLTAGE REGU 
LATOR 

I'tee LAMP, GLOW) 




/ 

PHOTOTUBE, SINGLE AND MULTI- 
PLIER 





CATHOOE-RAY TUB^e, ,FLECTRO- 
STATIC AND MAGN^ TIC DE- 
FLECTION 




MERCURY POOL TUBE. IGNiTOR 
ANO CONTROL GRID RECT' 
FiER) > 




RESONAJsiT MAGNETRON, CO- 

Axi-^L Output and perma 

NENT MAGN ET 




TRAVELING-WAVE TUBE (typicol) 

FORWARD-WAVE TRAVELING.- 
.WA,VE-TUaE AMPLIFIER SHOWN 
WITH FOUR GRI9S. HAVING 
SLOW-WAVE STRUCTURE WITH 
ATTENUATION, MAGNrPft: ■ 
FOCUSING BY EKTERNALl 
PERMANENT mAj^GNET, ti IN- 
PUT AND rf OUTPUT COU-| 
PLING-^ACH fl-PLANE APj^R- 
TURE Ho EXTERNAL REC 
.TANfejglAR 



Eg 



FERRITE pCVICES (100) 
\E^D POLARIZATION ftOTA.TOR 



^field polarization ampli 
'tude mooul^ator 



■ V 



y 



+ ^ 



- I ] OR — frnv ^oR- 



HIQ.H-VOLTAGS'PRIWARY CUT- 
OUT, ORY j ^ 

. ^ 



HIGM-VOLTAGE PRIMARY CUT- 
OUT, OIL ' . 

'• j^ OR — 



CpV^ERNOR (cenioci-making) 
(37) 



CONTACTS SHOWN HERE AS ' T 
CLOSECy . 



HALL GENERATOR (39) 



HANDSET (40) 
GENERAL 



OPERATOR'S SET WITH PUSH. 
TO-TaLK SWITCH 

=4 ct= 



HYBRID (41) 



JUNCTION 

(common cooxiol/ waveguide utog«) 



CIRCULAR 



■0 



dfcotors ,tmp\<^ {*■) OitjjU^) 

Rectangular wav&gjme-an'El. 
coa/ial coupling^'" 



CD' 



INDUCTOR (42) \ 



OR 'TRRT 
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f I^GNETIC CORE 



TjAPPED 



IT , 



ADJUSTABLE. CONTINUOUSLY 
ADJUSTABLE 



/ 



KEY, TCLf GRAPH (43) 



ERIC 



* LAMP (44) 
BALLAST LAMP, BALLAST I^UBE 

LAMP. FLUORESCENT. 2 AND 4 
TERMINAL 

LAMP, CLOW. NEQN LAMP 
A-C 

D-C 



LAMP. U^CAKDESCENT 

INDICATING LAMP. SwiTCHB0AR6 
LAMP 

(t«« VISUAL SIGNALING DEVICE) 



LQGIC (••• 806B ond y 32 1 4) 

(including toma^^plicat* tymboli. 
1cf> tfnd righ(-horrd lyntbeU art not 

AND (unction 



OR function 
4i 



■D 

ion 

((*) «nput >id« of lo^if lymbol > m 
g vn • ro I ) , * 



EXCt^VV^'^*^ function 



CONDITION 
STATE (logi 



A LOGIC 
COMES I«»T 
THE INPUT 



AN AND 

• IS LOW IF 
INPUTS ARdiHIGH 



I nif c. 

Al D 



NDICATORS 
negation) ^ 

O " 

a'tION output BE- 
TE IF AND ONLY IF 
NOT.l-STATE 



WHERE OUTPUT 
ONLY IF ALL 




{•l*C- invtr. c jtput bccom*! )-itat* 
il ond only if th» input ii 1->tat») 
(•Ik. invtr. output i> more poi. if 
and only if in^ut ii l»ii po>.) . 



LEVEL (r«lo 

I-STAT E 
LESS ♦ 



(lymbol 
di r tcti on 



,\^ll 



• ) 



AN AND PUN 
I STATES AT 
AND OftiTPUT 
POS 



OWTPU 



SINGLE SHOT 



AND TWO OL 



l-^TATE IS 
MORE * 

^riangl* potrf^ng ir 



WITH INPDT ^ 
MORE POS.^L EVEL 
1 STAT E AT LESS 



.d» ''1' 



SCHMiT r TR GGER; WAveFORV^ 



T PUTS'' 



COMPLEMENTARY 



S T C 

FF 

0 



FLIP-FLOP. LATCH 









FL 

0 


r 


1 





REGIST ER 





■ 










, s s » s s^. 

RG(4) C 

•10 10 10 iq 


t 










« 



(binary register denoting four flip- 
flop ■ and bit ■) < > f 

•'AMPLIFIE R («•• AMPLIFI ER) 



'CHANNEL PaTH(^ (>•• PATH. 
-TRANSMISSION) 

- iLaCNETIC H6^DS (.•« PICK- 

Ajpi-r^AD) 

- OSCILLATOR''. OSqiLLATORi 



f^ELAY. CONTACTS U«e CON 
-TXCT. EL&CTRICAL) RELAY. 
ELECTROMAGNETIC RELA^ 
COIL RECOGNITIOH 

SIGNAL FLOW DIRECTION OF 

FL OWI 



TIME DELAY (.seOELAY LINE* 



□ - CO 



TIME DELAY WITH TYPICAL DE^ 
LAY TAPS 



FUNCTIONS NOT OTHERv^IS^ SYM- 
BOLIZ^D 'I f 



('den^ico'ion /rplac** ( ) 



LOGIC LEtTER COMBINXTIONS 

S SET ' ~" 

t \ CLEAR (r«t*l) 

T TOGGLE (trigger)'- 

(N) NUMB^ OF BITS 

BO BLOCIUNG OSCILLATOR 

CF CATHODE ^OLVOWER 

EF EMITTEP fOLLOWER 

FF F«.IP-FLOPv 

SS SINGLE SHOT > . ^ 

ST SCHMITT TRIGGER 

RG(N) REGISTER (N atog«».) 

SR SHIFT REGISTER 



MACHINE*. ROTATING (46) 

GENE RAT 0l5 



^MOT^ 



' METER. INSTRUMENT (48) 



O 



< idcnti 11 cation replace* ''^ oatenak) 
METER LETTER COMBINATIONS 



AH 
CM a' 

CMC 

CM V 

CRO 



OB 
DBM 



OOM 
DTR 



G 

GO 



NT 
/<A Of 
UA 
MA 
NM 
OHM , 

op' 



A5I?>5kHTER 
AMPERE-HOUR- 
C/)NTACT-MAK1NG <or 
breoking) AMMET ER 
COr^TACT-MAKING (or 
br.oCing) CLOCK 
CONTACT-MAKING (or 
breaking) VOLTMET ER 
OSCIbLOSCOPfe OR 
CATHODE-RAY tDSClL- 
. LOGRAPH 
OB (decibel) METER 
DBM (d«cibel* relerr«d • 
I mJliwott) METPR 
DEMAND ME T ER' 

deijano-totalizing 
reT>y 
frequency meter 

OaLVANOMET ER 
GROUND DE T ECTOR 
* INDICATING 
INTEGRATING 

MICROAMMETER 
MILLIAMMETER 
NTQlSf'ME T ^R 
OHMMETER 

I OIL Kre-^su R^ 
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RADIOMAN 3 & 2 



T 

oToo 



MODITRAN$DUCtR(53)- ^ 



TRANSOUCCR FROM RECTANCU- 
LAR WAVEGUIDE TO COAXIAL ' 
WITH MOCXE SUPPRESSION, 01* 
RECT^RRENT CROUe^OS CON* 
NECTEO 



STEREO 



MOflON, MICHANICAL (54) 

ROTATION APPLIEO TG A RE- 
SISTOR f 



^.''cw^ 



(idvntilicbtien r«^i,oc«i (* ) oitvri il^) 

nuclear.'^aoiation oetector. 

CAS FILLdb; ibKlcZATION^CHAM. 
BER; PR0P0RTI0NAL'C0U>4TER 
TUBE; - . ' 

QflCER<MULLER COUNTER 
TUBE (50) (••• RAOIATION- 
SENSIT1V1TY1N0ICAT0R) 0 



V 




I5M)5SI0N (58) 



CABLE; 2*C0NDUCT0R, SHIELO 
• CROUNOEO ANO 5*C0N0UdT0R 

aniELOEo 



I I 

X 



- RtCTIFItR (65) 

SEMICONOUCTOR^IOOE; METAL. 
LlCFrECTIFIER; ELECTROLYTIC 
RECTIFIER; ASYMMETRICAL 
VARISTQR ' 

. — ^ — 

mIeRCURY-POOL fuBE R^PWER 
RPCTtFIER » 




RtSONATOR, TUNEO 
CAVITY (71) 



(common cooKiol /wav«gu)(f« uiag*)^ 



RESONATOR WITH mOOE SUP- 
PRESSION COUPLtO BY AN E- 
P^f*E APERTURE TO A CUIOEO 
TRANSMISSION PATH aMo BY A 
LOOP TJD A COAXIAL, PATH 




TUNABLE RESONATOR WITH 01- 
RECT-CURRENT CROUNO CON- 
NECTED TO AN ELECTRON or. 
VICE ANO AOJUSTaBLY COUPLEO 
BY AN E.PLANE APERTURE TO 
A RECTANGULAR WAVEGUIDE 



RESISTOR (60) 



TAPPEO 



syIm 



ilMETRIC>SL VARJST0R RESIST- 
OR, VOLTAGE sensitive (lil.con 
cpr,bid*, stc.) 



PICKlff* HEAO (61) 



GENERAL 



> 



WRITING; RECOROIN'G 



REAbfNO; PLAYBACK 



WRITING^:i'EAOING, ANO ERAS- 



' idanM (i cot lon marks r«ploc« f*) 



WITH AOJUSTA'BLE CONTACT 



AOJUSTABLE OR CONTINUOUSLY 
^OJUSTABLE (vanobU) 

OR ^- {k^/{ \ — ^ 

(identificotiony«ploc^i (*) oit*nik>. 




BR^KOOWN, OTbOE, UNIOI,RFC- 
TIONAL (aiio^oekword diod*. \ 
• volancha diod«, voltog* rvgyjoior 
dibd«^«i<Ur di&d«, voltag* rjp?*r- 
diod^ 



^EaKOOWN OIODE, BrolRECTION- 
A^. A^p BACKWARD OlOOE (alio 
bipolor voltog* limitcr) 



A OR' 



iTUNNfL DIODE (olio Eiaki diAd«) 



TEMPERATUR^'OEPENOENT 
OlOOE 



PHOTpDIDDE (olio i<^Jor c«ll) 



ROTARY JOINT, RF * */ 
J, (COUPLER) Ki:^ 

GeJTe^AL; with R^CTAf^ULAR 
WAV'EGUlOE 

(tronimi I litn Both recognition lym- 
bal r«plac«i a it«ri ik) , 

COAXIAL TYPEJN RECTANGU- 
LAR WA VEGUfOt 

CIRCULAR WAVEGUIDE TYPE 
IN RECTANGULAR WAVEGUIDE 

- -fl@&- 

SEMICOffoUCTDR DEVICE (73) ' 
- (Two T«nninol, diode) 

SEMICONDUCTOR DJODE; R E cf?- 
FIER 

—M OR OR (T) 



CAPACITIVE diode (alio yaricop, 
Varoctor, r«actonc« diode, parom«tric 
diod«) ' ' 




SEMICDNDUCTOR DIODE, PNPN 
SWITCH (olio Shockley d'iodc, (our- 
loyep^diod* and SCR). ' " 

(Multi-T«rminol, tronsiltor, etc.) 
PnP TfiANStSTOR 



19- 




npn transistor 




UNIJUNCTION transistor, N- 
type BASE 



»8§ 
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f 



^UNIJUNCTION TBANSISTOR. P- - 
^TYPE BASE 

■ 

. WEUO-EFFECT>RANSlSTDR, N- 
, TYPE BASE 

field.ef^'ect transistor, p. 
type base 

■.($)«"($):■ 

SEMICONDUCTOR TRIODE. PNPN^ 
If'PE SWITCH 

SEMICONDUCTOR TR|6de, NPNP- 
TYPE SWITCH / 



NPN TRANSISTOR, TRANS^VERSE^ 
BIASED BASE 



PNIP TRANSISTOR, OHMIC CO>J • 
NECTION TO THE INTRINSIC 
REGION 




NPIN TRAH^TsTOR, OHMIC CON- 
NECTION TO THE INTf^lNSIC 
REGION \ 




PNtN TRANSISTOR, OHMIC COW- 
NECTION TO THE INTRINSIC 
REGION 




NPl-P»TRANSrSTOR, OHMIC CON- 
NECTION TO THE INTRINSIC 
REGION 




SQUIB <7S) 
r^VPLOSlVE 



•IGNITER 

SENSING LINK, 'FUSIBLE LINK 
OPJERATED , 

SWITCH (76) 



PUSH BUTTON, CIRCUIT CLq5i 
ING(n,ol..) \^ 



Push button, circuit open- 
ing /br.oli) -J 



NONLOCKING, MOMENTARY CIlT- 
CUIT CLOSING (moke) ' , 

- ' OR irf^'A^ 

NONLOCKING; M(^S|tNTAftY CIR- 
CUIT OPENING fbr*ak) 



TRANSF ER 



LOCKING. CIRCUIT CLOSING 



C Uf^ ( 



LOCKING. CIRCU^^ OPENING' 
\ (break) 

o— |V OR 

TRANSFER. S-POSlTION 

0 

o OFF 



WAFER ^ ,^ 

(•nomple shown 3-pole 3-cifCuii 
with 2 nonshoftin^ and 1 shoftm^ 
mo VI ng contacts ) 



V 




ClR^UlX' 



SAFETY INTERLOCK 
WPENJNr. AND CLOSING ^ 

^•POLE FIEL[VOISCHARGE 
KNIFE". WITH TERMINALS AND 
DISCHARGE RESISTOR ^ 



(idcnttlicotioi^ r«ploc«* (/<) osfcrisk) 



SfYNCHRO (78) 




SYNCHJRO LETTER C0)y4B»N ATIONS 

CDX* CONTROL. DIFFERENTIAL 

TRANSMITTGR 
CT .CONTROL TRANSFORMER 
CX ^ONTROy TRANSMIT ffejR 
HIr TORQU^i);,FFEREflTrAL 

rece/vb^ * 

t6x T^qpaUE-DIFFJEJlENTlA'L 

TRAMSMW^fR^ 
TR /OROUE XeC^IVER ' 

TX 'tqrqJE'TIVvnsmitter 

RS RESOLVtR * ■ 

B OUTER WINOInG ROTATABLE 
IN BEX1?INGS 

^ 

THEiJMA-L'EL^M^T ^83) 
ACTUATING DEVICE " 



THERMAL CUTOUT, FLASHER 
OH 

THERMAL RELAY 



OR 



THERMOSTAT (operates on ri»ing 
Umpcralure), CONTACT 

THERMOSTAT, MA^E CONTACT 

__r-Li OR _^ i 



THERMOSTAT, INTEGRAL HEATEfJ}, 
AND TRANSFER CONTACTS 




THERMISTOR, THERMAL 
RESISTOR ^84) 

WITH INTEGRAL H BAT E R 



THf RM0C0UPLE>(8S) 
EMP^ATU RE-MEASURING 



CURRENT-MEASURING, 'INTE- 
GRAL H-SiVTER CONNECTED 




CURRENT -MEASURING. INTEj . 
GRAL HEATER INSULATED^ 



rtEATER , 
. 4 



TEMPERATURE-MEASURING*^ 
^Ml CONDUCTOR 



CURRENT-MEASURING. SEMI- 
CONDUCTOR 




IG.^M 
/ 



TR^SFDRMER,(86) 
GENERAL 

MAGNETIC-CORE 



ONE WINOING WITH A*DJUSTABLE 
INDUCTANCE 



It-- 

i ADJUS 

11 



SEPARATELY ADJUSTABLE IN- 
DUCTANCE 



ADJUSTABLE MUTUAL INDUC- 
,/TOR. C0NSTANT-CURREN7 



4f, 
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' RADIOMAN 3 & 2 . 



AUTOTRAMSFORMER. I PHASE 
ADJUSTABLE 



CURRENT. WITH POLARITY MA-RK- 
INC ^ . 



POT&WTIAL, WITH POLARITY MARK 



WITH DIRECT'-CURRENT CON. 
NECTtONS AND MODE SUPPRES- 
yOH BETWEEN TWO RECTAN- 
GULAR WAVEGUIDES 



(common cooxi oi/Wovagui da u tog*) 



lit 

•7^ 



SHIELDED, WITH MAGNETIC CORE 



WITH A SHIELD BETWEEN WIND- 
INGS. CONNECTED TO THE FRAME 



VIBRATO*; iNTgRRUPTER (87) 

' TYPICAL SHUNT DRIVE 
"T»»"ninol* »Sown) 



111 Jl 



TrPICAL SEPARATE DRIVE 

I »«rm I nol » >ho wn ) 



n 



VISUAL SIGNALING D^ICE 
(88) 



COMMUNICATION SWITCHBOARD. 
TYPE LAMP 



INDICATING, PILOT, SICNAtlNG,> 
OR SWITCHBOARD LIGHT (t«« 
LAMP1- ► ^ 

(id«n»»ficotion rvploeat (*) ott«ritU) 

INDICATING LIGHT LETTER*- 



COMBINATrOwS 


A 


AMB'ER 


B 


BLUE 


C 


CLEAR 


G 


GREEN 


NE 


NEON , 


0 


ORANGE 


OP 


OPALESCENT 


P 


PUBPLE 


R 


RfD 


W 


WHITE 


Y 


Y ELLOW 



SI^A 



JEWELED SIGNAL LIGHT 



13.5G 



\ 
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APPENDIX 



BASIC ELECTRICAL FORMULAS 



Ohm's Law for D C Circgitjr^ 

..'■■i-i-x/r' 

D E P 



r 



P» EI--^= I^R 
Resistors in Series 



Ry Ri + Rj + . 
Resistors in Parallel 
Two resistors 
Ri R2 



R, + Rj 
More than two 



1 1 

R^ R, R 



1 1 

-*r7 



12' ''3 

BL Circuit Time Constant 



L (in henrys) 



R (in ohms)' 
L (in microhenrys) 



= t (in seconds), or 



t (in microseconds) 



R (in ohms) 
RC Circuit Time Constant 

R (ohms) X C (farads) = t (seconds) 

R (meg^ms) x C (microfarads) = t (seconds) 

'* ■ - ^ 

R (ohms) X C (microfarads) = t (microseconds) 

R (megohms) x C (micromicrofarads) = t (microseconds) 
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Capacitors in Series 
Two capacitors 



K.J - ^ 

C, + C2 



More than twc^ 
1 ^ 1 

M ^2 



C^ C 1 C^ C 



Capacitors in Parallel: Cw= Ci + C^ + . 
Capacitive Reactance: = 27rfC 
Impedance in an'RC Circuit (Series) 



(No coupling between coils) 



Z=>/r2 +(X^|2 



Inductors in Series 

Inductors in Parallel 
Two inductors 

L = (No coupling between coils) 

More than two 



1 1 1 



(No coupling between 
coils) 



Inductive Reactance 



= 27rfL 



Q of a Coil 
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INDEX 



A 

Abstracting, commercial, 363-374 

A, C. generator,' baplc, 40-50 

Advancement and tralrtlng, 1-13 

Alternating current. Introduction to, 40-59 

Amplitude-modulated (AM) transmitter, 64-71 
AM spectrum and bandwidth, 67 
modulation^ 64-67 
percent of modulation, 69-71 
spectrum for multiple-modulation, 68 
Antenna field strength measurements, 172 
Antenna theory, basic, 88-99 

antenna characteristics, 90-96 

antenna feed point, 91 

antenna tuning, 90 

characteristic impedance, 91 

directivity, 94 

field intensity, 95 

frequency and impedance, 92 

Incident and reflected waves, 96 

radiation resistance^ 96 

wavelength, ^2^ 

wave polarization, 93 
basic antenna circuit, 89 
half-wave theory, 96-98 
quarter-wave theory, 98-99 
terms and defiriftions, 88 

Automated systems, 293-322 
AUTODIN, 293-313 

AUTODIN data pattern messages, 306-311 
AUTODIN security, 313 ^ 
AUTODlN switching centers, 2d3-295 
AUTODIN teletypewriter, 300-306 
digital subscriber terminal equipment, 
295-300 

magnetic tape messages, 311-313 

AUTOSEVOCOM, 316-319 
definitions, 317 

general operating procedures, 317 
security requirements, 319 
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Automated systems— Continued 
AUTOVON, 313-^16 

classes of telephone service, 314 
general user Information, 316 
precedence of calls, 314 
term definitions, 313 
types of service, 315 
other systems, 319-322 

local digital message exchange, 319 
message processing and distribution 

system, 319 ^ 
naval communications processing and 

routing system, 321 
satellite information exchange system, 
322 



B 

Basic communication center files, 195 
Basic electricity, 14-59 
Basic message format, 215-247 
Basic transmitter theory, 60-77 

Capacitance, 54-58 

Circuit discipline and security, 248-249 
Circuit procedures, 258-270 
Circuit, simple electric, 19-23 
Clerk, commercial traffic, 357 
Code and cipher messages, 272 
Commercial traffic, 357-377 

coastal harbor radiotelephone service. 
374-376 ( 
ar^rangements with telephone company for 
initiation of service, 374 
commerqial abstracting, 363-374 
. Class A and Class B messages, 363-365 
Class D messages, 365-368 
-Class D messages entitled to Class E 
privilege, 368 

Clai3s E messages, 371-374 
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Corimerclal traffic— Continued j 

• ^ coii\merclal abstracting-^Contlnued y 

press messages, 369-371 . 
* radlM)hotos, 371 
^ commeftlal traffic clerk, 35'^ / 
commerctal traffic funds, 358 
refunds, 3^8 

uses of, 358 ' ' 
commercial traffic reports, 358-3^3 
report symbols, 363 
responsibility for j^epofts, 361 
serial numbers, 361 
word count systems^, 363 
'high seas radiotelephone bervice, 376-377 
conditions' under which service Is 
furnished, 376-377 
Communications distress, 350-356 
Communlcatlbns, fleet, 323-349 , 
Communications organization, 182-197 
basic communication center files-, 195 
command feliip commtmlcatlons, 189 
comniunlcations rrfateriel support, 189 
communicaUon training requirements, 

196-197 f 
DCA control complex, 184 
\ defense commimlcatlons system, 183 
disposal of flies and logs, 196 
maintenance data collection System, 190 
naval communication arests, 184 
naval telecom^nunications system, 182-183 
Naval Warfare Publications Library, 191-195 
operation orders, 189 
- repair part support, 190 

shipboard commuftlcatlon organization,' , 187 
shipboard operational organization, 188 
shore communications departments, 184-178 
Communications Security, 198-214 
authentication, 212 

communication center visitor's log, 213 
COMSEC destruction, 210 
CRYPTO, 209, 

custodians of classified material, 204-206 
danger of espionage; 198 

declassification schedule, general, 201-2.02 
destruction of classified material, 206 
.EFTO and FOUO, 200 

* emission control, 211 
handling and stowage of classified material, 

204 

LIMDIS, 200 ^ 
meaconlng, interference, jamming, and in- 
trusion, 211 
national security agency, 213 
naval security groups, 212/ 
NOFORN, 200 j 
personal security censorship, 213-214 



Ccfrnmoiii cations security— Continued 
' " security areas, 203 

security classification categories, 199-200 

Confidential, 200 ' ^ 

^ - Secret, 200 , . , ' 

Top Secret, 199 ^ . 
security control and responsibility, 199 
security versus speed, 212 
SPECAT, 201 
special markings, 20.0 
ComTianications transmitter testing, 159-162 v 
Communication system, basic, 60 
» Computer equipment testing, 176 ^ 
Computer quality assurance techniques, 177-180 
Condi fo-.a-ioo, 22 ^ > 
Conductors and insulators, 16-17 
Continuous-wave (CW) "transmitter, 61-64 
buffer, 63 ; 
oscillator, 62 
power-amplifier, 63 

power supply, 63-64 - , 

Current, 20-21 

DCA control complex, 18/1 
Declassification schedule, general, 201 
Defense commanlcations system, 183 
Diagnosis and assurance logici 180-181 
Direct current, introduction to, 23-40 - 
Distress communications, 350-356 
distress frequencies, 350 
distress watches afloat, 351^-354 
acknowledging receipt, ^52 
cessation of distress traffic, 352 
follow- up messages, 352 
methods of transmission, 352 
distress watches ashore, 356 
merchant ship distress, 355 
safety signal, 354 
urgency signal, 354 
procedures, 354 



Electrical Formulas, Basic, Appendix III, 391 
Electrical safety precautions, ^140-145 
Electricity, basic, 14-59 

introduction to alternating current (a.c), 
40-59 

basic a.c. generator, 40-50 
capacitance, 54-58 
Inductance, 50-53 

inductive and capacltlve reactance, 58-59' 
inductive voltage and current, 53 
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Electricity, basic— Continued . 

Introduction to direct current, 23-40 

commonly used electronic terms, 29-32 

parallel d*c. circuits, 32-38 

series d.c. circuits, 24-29 

series-parallel combinations, 38-40 
^ simple electric circuit, 18-23 

conductance, 22 

current, 20-21 

power, 22 

reslstanpe, 22 

voltage, 19 
what Is electricity, 14-17 

basic particles of matter, 14-16 

conductors and Insulators, 16-17 ^ 
Emission control, 211 
Enemy contact ^reporting, 272 
Espionage, danger of, 198 
Examination procedures, 10-13 
taking the exam, 10-13 

profile analysis form, 12-13^ 

Subject-Matter Identification Sheet, 12 

• F * 

Fadlngrit2 

Fleet communications, 323-349 

fleet miiltlchannel broadcast system (**N" 
System), 323-327 

broadcast control, 323 

broadcast file, 326 

broadcast identification, 324 

broadcast <>peratlon, 325 

broadcast shifts, 326 
fleet satellite communications, 347-349 
other broadcasts, 327-330 

single channel broadcast, 327-330 
ship/shore and ship/ship circuits, 330-342 

autocat and middleman operation, 336 

Fleet Flash Nfet, 338 

Fleet Warning/Tactical UHF Net, 340 
full duplex FSK shlp/shore/shlp (RFCS), 
336-336 

' full Varied terminations, 340-342 
Inte;plm Comnnand Switchboard, 338 
Navy High Command World-Wide Voice 

Network, 339 
Pigeon Post, 338 

secondary shlp/sho re circuits, 336 
ship/shore network, 330-332 
UHF/HF relay, 337 
radio emission designators, 342-344 
bandwidth, 343 ^ 

mixlulatlon of the main carrier, types 
. of, 343 
supplementary characteristics, 344 
trfiinsmlsslon, types of, 344 



Fleet communications— Continued 

tT^iltoiltter and receiver tuning, 344-347 ^ 
Winsmltter testing, 344 
Frequency bands and characteristics, 113-115 
Frequency generators, 132-135 
Frequency measurement, 129 
Frequency modulation, 74-77 

FM bandwidth, 75-76 

FM. J5ldeband, 75 

modulation index, 76 

percent of modulation, 77 
Frequency standards, 130-132 
Funds, commercial traffic, 358 



Glossary .of terms. Appendix I, 378-383 

I . 

Inductance, 50-53 

Ionospheric propagation, bas;c, llb-112 

* M i 

Machine functions, 274-275 , 
Maintenance data collection system, 190 
Manuals, training, 9-10 \ 
Manual teletypewriter procedures, 274-292 
Matter, basic particles of, 14-16 

atom, 15 

Ionization, 16 

molecule, 15 
Mechanical and electrical symbols, 384-390 
Merchant ship distress, 355 
Message alignment, 275 
Message format, basic, 215-247, 250-258 

addressees, 223-225 

address groups, 226 

call signs, 225 

cancelling messages, 229 

classes of messages, 223 

ending, 221 

heading, 215-218 

address component, 217 
beginning procedure, 215-217 
preamble component, 217 
prefix component, 218 
separation, 218 

message categories, 231-237 

message user responsibilities, 221 

operating signals, 230 

optical character reader. Message Form 
DD 173, 237-247 

constructing the address, 242 
constructing the text, 242-245 



394 



J. 



IK 



Message format, basic— t 
' optical (3haracter^reade7??iessage Form 
DD 178— Contlntued 

general instructions, 237-239 
headerlines, 239-242 
message readdressals, 245-- 247 
plain language address directory, 227 
prbsigns, 229 

readdressing a r^essage, 228 
text/218-220 

classification line, 218 , 
• indenting, 220 
passing instioictions, 220 
^ . punctuation, 220 

reference line(s), 220 
restricted data paragraph markings, 
special handling ^markings, 219 
subject line. 220 
Message formal , teletype, 276 
Message punctuation, 276' 
Meters, types of, 119 • 



N 



Naval/ Warfare Publication* Library, 191-195 



O 



Operator maintenahce, types of; 146 
Optical character reader. Message FormDD 

237-247 ' y ' , 

Oscilloscopes, 135-137 . 



Parallel pircults, 32-38 ,f 
Power, 22^ . ..' 

ProDI«atioh, radi6^wave;;:ld'0-lI5 




urance aiJOjii^ystein diagnosis. 




R^^^df^lephoi 
. f/'autifientiei 

ba6ic me88a^59^tM:m^t;*260-^^^ 
formT^t lines L 2, 3, and, 4^250 
V format lin^; 256 

fblrmkt lines' 6, 7, 8, and 9, 256 
.fozrma't line l6» 256- 
' i f\ fdv%Aat lines 11 through 16, 256-258 



INDEX # 

• RadlotelephwBB^^edures— rContinued 

circuit di^^ii^^ie and security^ 248-249 . ' 
importance of radiotelephone, 249 
radiotelephone security, 248 / ^ 
circuit procedures, 2&8-270 

acknotJledgement of R/T messages, 269 
break-In procedure, 269 
cancelling messages, 268 
code and cipher messages, 272 
corrections, 2G7 

decimals, dates, and abbreviations, 263' 
. emergency silence^ 270 
establishing communications, 264-267 
/local harbor circuits, 258 ^ 
opening the net, 259 
220 phonetic alphabet, 261 

pronunciation of numerals, 262 . • 
punctuation, 263 
Tadiotelephone call signs, 264 
receipt of a message, 268 
: repetitions, 267-268 " 
R/T circuit logs, 261 
\ types of nets, 259 

use t)f operating signals, 263 
use of prowords, 264 
verifying' an R/T message, 269 ' 
V ' voice communication requirements, .258 

enemy contact reporting, 272 
executive method for R/T, 270 
173^' / delayed. executive me^thod, 271 

immediate executive nfethod, 271 
operational brevity code, 272 
aecurlty^onsciousness, 272 
Radiotelephone service, coastal harbor, 374-376 

Radiotelephone service, high seas, 376-377 

k Radio wave propagation, 100-115 

basic ionospheric propagation, 110-112 
absorptlpn in the ionospherofk 112 
effect of ionosphere on the SKy wave^ 111 
periodic variations, 112 * . 
146-181 variations in the ionosphere, 112 

basic tropospherlc propagation, 107-110 

forward propagation tropospherlc scatter 

communications, 107-110 
tropospherlc wave, 107 
coiiiposltion of the earth*s atmosphere, 104 
dlfferactlon, reflection and refractldn, 101-104 
fading, 112 

frequency bands and characteristics, 113-115 
ternY and definitions, lOO-lOl 
tjfpes^ of radio wave propagation, 105^10,7 
sky wave, 106 
space wave, 106 
surface wave, 105 
Receiver quality assurance, 154-159 
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Receiver theory, baslc^ 
receiver functional 78 
receiver input, origin of , 78 
supertieterodyn6 receiver, 79-6; 
receiver control circuits, »84 

Receiver tunii»4nd trahsnjiitter, 344-347 

Repair part support, 190 

RepdHs, coWmerclal traffic, 358-363 

Resistance/ 22 



Safet/signal, 354 

ity, communications, 198-214 
Shiii^board communication organization, 187 
S^board operational organization, 188 
Wp/ shore and ship/shore circuits, 330-342 
/aiore communications departments, 184-187 
Single-sideband (SSB) transmitter, 71-74 
Tuinctional SSB transmitter, 72 ^ 
Bhigle- sideband, 72 
SSB receivers, 73-74 
Spectrum analysis, 137-140 
Superheterodyne receiver, 79-87 
AF amplifier, 84 
antenna section, 80 
automatic frequengy control, 87 
automatic glain control, 85 . 
beat^frequency (BFO), 86 
delayed automatic gain control, 86 , 
detector, 84 
IF amplifier, 83 
manual gain control (MGC), 84 
mixer and local oscillator, 83 
receiver control circuits, 84 
RF amplifier, 81-83 
silencer, 87 

System diagnosis and quality assurance, 146-181 
antenna field strength measurements, 172 
basjc measurements, 147-149 

oscilloscope measurements, 148 

resistive measurements, 148 

voltage measurements, 148 
communications transmitter testing, 159-162 

frequency measurements, 160 

output power measurements, 160 . 

transmitter neutralization, 161 
computer equipment testing, 176-177 

analog computers, 176 

arithmetic, 177 

computer types, 176 

control, 177 v 

digital computers, 177 ^ 
input, 177 
memory, 177 
output, 177 
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System diagnosis and quality assurance- 
Continued 

computer quality assurance techniques, 
177-180 

add instruction, 179 ^ 

basic programs, 178 ^ 

clear and add instruction, 179 

diagnostic programs, 179 v 

full store instructfbn, 180 

halt instructions, 179 - 

maintenance programs, 178 

reliability programs, 178 , 
diagnosis ^and assurance logic, I8f0-l81 

evaluation of equipment performance, 180 

recording data, 181 

use of functional block diagrams, 181 
use of operating controls, 180 
mutual Interference problems, 170-l'^3 
antenna location, 170 
cross modulation, 171 
recelver-to-recelver'lnterference, 171 
reduction to transmitter radiation, 172 
spurious transmitter radiation, 171 
transmitter-to-receiver Interference, 170 
operator maintenance, types of, 146 
performance testing measurements, 14d-154 
electron tube testing, 153 
frequency spectrum measurements, 152 
impedance testing o^ antennas and trans- 
mission lines, 153 
power output measurements, 152 
receiver gajin measurements, 151 
receiver noise measurements, 149 
receiver sensitivity ,rheasurements, 151 
receiver quality assurance, 154-159 

assurance diagnosis and the decibel, 154 
cross-modulation test, 157 
CW and facsimile sensitivity checks, 15^ 
' FSK sensitivity determination, 156 - - * 
receiver response curves, 156". 
receiver lectivlty and^ bandwidth 
measurements, 157 * 
reserve gain determination, 156 
single sideband sensitivity measurements, 
155 

squelch (silencer) circuit measurements, 
158 

tuning dial calibration',^ 159 
voice modulated sensitivity checks, 156 
warm-up frequency drift, 159 
single sideband testing, 173-176 

balanced modulator adjustmenta, 173 
peak envelope power measurement, 175 
RF carrier oscillator, 173 
sideband filters, 174 

SSB receiver maintenance techniques, 176 
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yfiteih diagnosis and quality assurance- 
Continued ^ 

single sideband testing— Continued 

SSB slgnal-to-noise measurements, 175 
SSB transmitter monitoring, 176 - 
two-tOne testing in SSB, 174 
systems test, types of, 146 
teletype systenis testing, 162-165 

basic keyboard and tape transibltter tests, 
* 166 ' ^ 

Vsuige selection, 165 
teletypewriter opei:ational speeds, 163 
teletypewriter signals, 163 
typee of transmissions, 163-»165 
teletypewriter distortion, 165-170 

causes and effects of ^ bias distortion, 166 
causes and effects of characteristic dis- 
tortion, 168 
causes and effects of fortuitous distortion, 

168. • ^ ^ 

causes afid effects of speed problems, 169 
multiplex and crypto distortion, 169 
ystems, automated, 293-322 
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'elecommunications system, naval, 182-183 

'eletype systems testing, J6^^65 

*eletypewrlter distortion, 165-170 

'eletjrpewTite r procedures, manual, 274-292 
basic operating instructions, 279-292 
cancellations, 284 
corrections, 282 

counting and checr ^roups, 284-286 
manual switching sysU s, 291-292 
manual TTY calling and answering, 
279-282 

transmission of messages, 286-287 
use of common prosigns, 288-291 
machine functions, 274-275 
bell signal,. 275 
blank, 275 

carriage return, 275 

line feed, 275 

(margin bell, 275 

shift, 274 

space, 274 
^ >Varning light, 27^ 
message alignment, 275 
measage punctuation, 276 
teletype message format, 276 



Test equipn>ent, basic, 116-145 

basic reiji^lrements of test equipment, 118 
calibration of test equipment,, 116 
care, use, and handling of test equipment, 116 
comjn^nly used test equipjment, 120-129 

ammetex%, 120-123 ^ \ J 

raegohmmet^ (megger), 126-129 ^/ 

ohmmeters, 124-126^ ■ 

voltmeters, 123 " 
electrical safety precautions, 140-145 

cathode-ray tubes, 1^3 

fire precautions, 143-145 

general safety practices, 140 

rescue of shock victims, 142 

RF-ei4ergy burns, 143 ' * 

safety shorting probe, 141 

symptoms of electrical shock, 141 
electron tube ffeipters, 137-140 ^ 

emission testers, 138-140 ^ 

transconductanc/e testers, 140 
frequency generators, 132-135 ^ 

audio, 132-134 

radio, 134 ■ ' ' 

frequency measurement, 129 • 

heterodyne frequency meters, 129 
frequency standards, 1|0-132 

audio frequencies and musical pitch, 131 

radio frequencies, 131 

radio propagation forecasts, l3l 

sepondaj^ standards, l32 

silent pe^rfbds, 132 

time intervals and signals, 131 

U.S. National Bureau Of Standards, 131 
oscilloscopes, 135-137 

graticules, 

personnel saiety pi < 

power supplie^^ i :^ 

screen, 135 
selection of test equipn 117-118 

amplitude, 118 

frequency, 117 

impedance matching, 117 

polarity, 118 
spectrum analysis, 137 
types of meters, 119 
Testing measurem^ents, performance, 149-154 
Traffic, commercial, 357-377 
Training and advancement, 1-13 
examination procedures, 10-13 
Radioman rating, 1-9 

factors which affect advancement, 3 

how to prepare for advancement, 6-9 

how to qualify for advancement, 2 

military duties, 1 

Navy advancement system, 2 

taking the exam, 10-13 
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Training and advancement— Continued 
trainiife manuals^ 9-10 

basic Navy training manuals, 9 
nonresident \;areer opurses, 10 
rate training mahuals,'9 . ' 
Transmitter theory, basic, 60-77 ^ 
basic commafiication system, 60 
types of transmitters ^ 61-77 

amplitude-modulated (AM) transmitter, 
64-71 f 
' continuous-wave (CW) transmitter, 61-64* 
frequency miodulation, 74-77 
sln^e-sideband (SSB) transm^ter, 71-74 
. / tr^nsmittei: trd&bleshooting, IT 
Tropospheric propagation, basic, 107-110 



U 



Urgency Signal, 354 . 



Voltage, 19 




W 



Watch afloat, distressi 351-354 
Watche^ ashore, distress, 358 
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f^NAVEDTR^A 10228-G 
Prepared by the Naval Education apd Training ' Program Development 

Center, Pensacbla,^ Florida 
. ') ^ . " » - * ■ 
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Your .NHCC contains a set of assign- 
ments and self-scoring answer sheets 
(pac)(aged separately) . The Rate Training 
Manual, Radioman 3&2,' 

NAVEDTRA 10228-G > is your textbook for . 
the NRCC. If an "errata s|;ieet comes with , 
the NRCC , make all indicated changes or* 
corrections. Do not chai^ge or' correct 
the textbook or assignments in any other 
way. . , , 

HOW TO COMPLETE THIS COURSE SUCCESSFULLY 

Study the textbook pages given at 
the4 beginning of ^dch assignment before 

iJtrying to answer the items. Pay attention 
to tables, amd illustrations as they 
contain a lot of information. Making your 
own drawings cao help' you understand the 
subject matter. Also, read the learning 
objectives that precede the sets of items. 

"The learning Objectives and items are^ 
based on the subject matter or study 

'material in the textbook. The objectives 
tell you what you should be ablfe to do 
by studying assigned textuafl material 
and answering the items. - * 

At tHis point you should be ready 
to answer the items the assignment. 
Read each item carefjily. Select thA 
BEST ANSWER fot each item, consulting 
your textbook when necessary. Be sure 
to select ;the BEST ANSWER from the 
Subject matter in the textbook . - You itiay 
discuss difficult points in^ the course 
with others. However, the arlswer you 
select must he your o\*n . Use only the 
self-scoring answer &he(et designated 
for your assignment. Follow the scoring 
/directions given on the answer sheet 
itself and elsewhere in this course. 

Your NRCC will be administered by 
,your commahd or, in the case of small 
commands, by the Naval Education and 
Training Program Development Center. 
No matter who administersX you^ course 
you can complete » it succeSjS fully by 
earning grades that average 3.2 or 



* higher. If you are on active duty, the 
average of your grades rn<all assign- 
ments must be at least 3.2. If you are 
NOT on active 'duty, the average of your 
grades in all assignment^, <^f each 
creditable unit must b^ at least 3.2. 
The unit Jpreakdown' of. the course, if v 
any, is MioWn later under Naval Reserve 
Retirement Credit. 

WHEN YOUR COURSE IS ADMINISTERED 
BY LOCAL COMI^AND 

As soon as you have finished an 
assignment, submit the completed self^" 
scoring answer sheet' to the^ officer 
designated to admin?.ster it. He will 
check the accuracy of your Score and 
discuss with you* the items that you do 
not unders tand^^Aftfumay wish ' to rec6rd 
youi: score on>/Qie assignment itself, since 
the self-scoring answer sheet is not ^ 
returned . / 4p 

If you are completing this NRCC to 
become eligible to take the fleetwide 
advancement examination, follow -a, 
schedule that will enable you to complete 
fill assignmenjk^-s in time. Your schedule 
should call for the comp~tetion of at 
least one assignment p^^r month. 

Although you complete the course 
successfully, the Naval Education and 
Training Program DevelopmeniP'Cente.r will 
not issue you a letter of satisfactory ' 
completion. Ybur command will make a note 
in your service record,, giving you credit' 
for yoiir work . , 

WHEfeyOUR COURSE IS ADMINISTERED 
BY THE NAVAL EDUCATION AND TRAINING 
PROGRAM DEVELOPMENT CENTER 

After finishing an assignment, go 
on. to the next. Retain each completed 
self-scoring answer sheet until you 
finish all the aj^signments in a unit (or 
in the course if it is not divided into 
units) . Us-ing the envelopes provided. 
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mail your d,elf-s'cQred ^answer sheets to the^^^NAVAL RESERVE 
Naval Eduaation and -Training Prograiji ( • " . 



REtl 



IREMENT CREDFT 



^Development Cente^ wl\ere the scores will ^ 
be verlfied^anfi recorded / Make sure all 
blankslait the-sto'i^- of e^tch answe^sheet 
are f idled in^ .Unless yoo' furnisli: all the 

. inlformation'/ealiired A it wivi 
Impossible tb'^ve youy^edi«: for youT — 
work. You may wieji, to j^lDrdlyour ^ores\ 
on thQ|. W^ignmeiits^sifTSe the| saJfj-sGoritig . 
'artswet^sheeta- are not • returijjfed,. ^ , 

^' ' v.- ^ 

' ' - The , Naval EU\i^^c^tion dnd ' Training 
Program Developm/^nt Center witl^ is^e a 
le'tter of s-atis^ctorV- completic?n to . ^ 
cer'tify successful col^p^letion of the ^ 
^course (or a >:redi table pnit of ' th« . 
course) To 'Receive a courfee-completipn 
letter, .follow *5;he directions given on- 
the' cpjar^e-cc3mple4:ion fom in the back 
of this' l^-RCC. ' ' ' ' ' - ' ' , i '\ 

Yola may keep the textbqok and ; ^ | 
-^ss'ignments* fot this cours^J Recurp^^em 
only in the event you disenroll frbn 
course or otherwise' f-ail' tic complete tY 
course. Directions for retur-ninq the 
textbook» and "^^assignments are given on 
'"book Tre turn, form in the back of this^ 
' NRCC . J. - 

PREPARING FOrIyOUR ADVA>ICEMENt' ^ ; 

exaKiination ^ f ' 



This course i&- e^alpated at 2 3 Naval 
^Reserve retirement points 'and will, be ' 

credited in units^as follows: Unit 1: ' ; 
( 12 poih,ts upon completion Q,f ^Assignments ] 
throiigh^f Unit' 2: 11 points upon ^com* . 
pletion of*, Assignments 9 through -15^ 
.Xhese \pbinti^ are creditable tq personnel 
eligible *^t&;^i'^geive * them unddr current/' 
dire?^i,ves^.^^erning the reti^m^t of 
'N^val Reserve-^'persj^nnel . /"Naval ^esferVjB 
retirement credjit lvilljrnc]fj£, be given if '^fift' 
s1:uden±' has previously riE 
for any Radioman 3 & 2 , Nj 



peived credit^, 
fee or ECC. 



V 



Your exaiJanation for advancement is 
•based^on the Manual of ^Javy' Enlisted . Man- 
^"powerJI and Personnel Classification, and 
.''Occupational Standards (NAVl>ERS 18 06 8-D) ^ 
^he sources of ijue^tions in this examina . 
tion ate given in the * Bibliography for Ad^rv^ 
vancement Stydy (NAVIIdTRA 10052). Since 
your NRCC and textbook are, among the 
sources listed in this bibliography, be 
sure to stUdy bt)th ji^ pr.epar ing to take 
your advarf^^ente^mination. The stand- 
ards fo^* yoi^H^^ing may have changed , 
sinc^ yoOr^'Sourse artd textbook were 
pointed, s6- refer to the latest .editions . 
of NAVPERS 18068-D and NAVEDTRA 1(0052 . ■ 



COURSE OBJECTIVE . - V ^ 

While compljjfeting this NRCC, you yiH- 
demonstrate a Jcndwledge , of course material 
by correctly answering items on the follow- 
ing: organization of the enlisted rating 
structure and careei: opportunities avail- 
able- to enlisted personnel r basic elec- 
tricity and electronics; basic transmitter 
and receiver theory ; basic principles 
and common dprif igurations of Communications 
antennas; tjgf^^ and theory' of radio, wave 
propagation ^ basic test equipm^t; 
sy steals of diagnosis and quality assurance 
communication organization'; procedures 
involved in* the security and handling of 
classified information; basic message 
format, fleet communications, and automalfecl 
^ system^; theory and 9peration of basic 
teletypewriter* circuits _g;id assodiated 
radio communications equipment; radio- 
telephone procedures 'and distress communic^ 
tion^; .and classes, tvpes, and handling of 
commercial traffic. 



7. 



While working on th,is nonresident 
career course, you may refer freely to the 
text.^ You may seek advicfe and instruction 
from others- on problems arising in the* 
course, but the solutions submitted must 
be the result of your own- work and decisions.'^ 
You are prohibited from referring to or 
copying the solutions of others, or giving 
ct>mpleted solutions to anyone else taking 
the same course. 



r 



iNaViftl <:t)^r,espondence course^ ...^^ ^ ^ ...^ ..^m,^ - , 

m^tchirfg. etc. Jhe Ufrfis^ are nor grouped by type^ regar-d 1 ess 'of type, tf^^'are presented' in t-he same 
"general sequence as the, textboo'k rnat^-^'^^ "^-^ ..u^.u *.u«.. - t 

to pr(^erve contrnui'ty of thought , . p^.. 
many types ,of items, others only 'a f ?w 
the. action required pf him) thrpugh 



"EaCh item ''contains sever'^ a1te 
Jelect^the tjesit a1 terna tive 'and ei^as'? 

' :\ ^ / ^ SAMPLE 
The first person^to ^ appointed Secr^ary of .defense 
under the National Security Act of 1947 wa^ ' 

1 . George Marsha 1 1 ^ 

2. Jaiiies Forrjestal 



s-1. 



Chester Ninvitz 
Wi 1 1 iam Ha I'sey 



, 3. 

4: 



Determine 
mental s to be considese 




s-2.-.Any rTaval officer 
official ly with a 
'Without his c( 



is authorized 
bureau of the 
ng officer' 



In items s-p3 thrcfugh s-6, match 
cToTumn B the name of the department 




A. Qffic'ers 
Damage Control Assistant 

IC Officer • 
Assistant for Disbursing, 
Communications Officer 



r/ 




may include a variety of items multiple-cltoice, true-falsei 
uped by typej regar^d 1 ess 'of type. tf\^ are presented in the sarr' 
rial upoii which they are ^sed." Th;#presentation i-s;des^gned 
rmitting step-by-step^development ofndeas. Some courses\s£ 
'W. The student can i^eadily identify the type of each iTem (|r)d* 
nspection^of fhe s^imples givten below. * -j 



mi/ltiple-chOice items ■ ' ' ; . ' ' 

Ives, one of which^ provides the best 'ansvyer to the item, 
ap^^pri^*te 'box on the aViswer sheets / . 



The 'e>y5ure of a correct answer is in- 
dicated in tKIs way; on the answer sheet: 



TRUE 



is true or fal 
Erase 'the appr 



, , vMMPLE 
to" <^bi^espond 
N^vy Department 
endorsement : 

% 



i3E ITE>1S ' ' ^ . , ■ 

' I'f any p^rt of the'^statement 15 fal3^ t?he sta^e^ 
Tiate'box on- the answer sheet as indicated below,; 

The erasure of a correct answer isva^"§Q 
'indicated in this^way on the answen; 
sheet :. • ^ ^ 



MATCHING ITEMS 



ds , pn^dS 



HBCB 



ses or sentences. The task 



Each set of it/ms consists of Uo columns, each listing worc"„, , ^ 

is to select the^.vt em in column B which is the best match for the item in eolumr^^A tbat is being 
considered. "Specific instructions are given with each set of items. Select the numbers identifying 
the answers and erase the appropriate boxes on the answer sTtie'et. 

■ : ^ ( ■ ■ ■ 

the name of the shipboard of ficer in column A by ^electing from 
which the officer functiVns. 



Departj 



r. 'Oferations Department 

2. ErViner-ring Department 

3 . Supply Department 



The erasure of a i^orrect an^er is in- 
dicated in this way on the answer sheet: 



Kpw To 





Score Your. Iimiediat^e Knowledge of Results (IKOR) Answer'^^ejs 



Total the ni^tpber of in- 
correct erasures (those 
that, show page nuhibens) 
for 'e^h'^item and place 
in the blank space at 
the end of each i tern. 



Sample or 



Number of boxes 
erased i ncorrectly 



Your score 



0-2 



4.0 



7 



Now TOTAL the column( s ) of 
bottom of EACH answer s^e^t . 




incorrect erasures and find your score in the Table at 'the 



NOTICE: 



■■■\ 



untn "C T^' nr "fV • . '"''"'l' '''^ (^^^rt^ng on that pa.fl*) and erase again 

number oVnnSnt; Zr . ^^fj' ' ' v'°' ^^^^ administered by the Center, the maximum 
^"•^^Jr PO'^ 5, (or ,ncor.r*cto^ra5/re5 will be deducted from each item which does NOT have 

tteis! an" i l[. t^r'uS." "' ' ^ P^s. for thre^^choi ce ' 

11 i . 



r 



ERIC 



Training arrd Advancement;' Basic Electricity 
Textbook Assignment: Pages 1 ^ 59 /- 



^ Assignment 1 



. In this 90urse^^ou will dernpnStrate^that learning hAWtciken place by correctly answering, 
training questions. The mere physical act of ipd.i9atir(5 ^a thoite on an»ajiswer sheet is not 
^IT z^V Important; it is the rrgntal achievement ,VMn whal^ever form it.may take', prior to the 
J ptiysrcal actvjthat iS' important attd toward, whi<:h nonresident career, course learning objecti ves 
jjare dir6cte^.- 'The sel^pjtion of 'the correct ch.oitfi for a cburse training qiiestion indicates- that 
you have fulf-i ne-d, at -least -in part, the -Stated QBjective(^) . \ \ 

r The accomplis^mepf of certain objective's, for'exam'plL a physical act sijch h cll?f^fting a ■ 
jnemo, cannot readily be de^^rmined by means, of objectivejt>pe course questions;. however, you carf^ 
demonstrate by means of- answers to training questions, tha^t you have acquired the - requisite- 
knowledge to perfdrm the physicil act. The accomplfshment of certain other learning objectifies, 
for example, thy^ irler^tal acts ofxomparing, recognizWg; evaluating, chgosing, sel-ecting, etc. , 
may be readily. dewonstrated'in a course ^y^indicating the corre^:t answers to training questions. i 

> . • The .comprehensive '\)b|[ective fqr Jtlfs. cotlrse 'has already been ^iven. .Jt stftes the purpose 
of the course in^ terms af what you wilj 'be able ^to do -as you coipplete^the^ cDurSe. • . 

r The detailed objecti ve/ in each a|ssigfiment stat^ what you shpuTd accomplish as yojj^ progress 
tdrough the course. They may appear singly or ft clu^rtecs of closely related objectives,*asv y 
appropriate;, they are folldwed by questions whiqh will enat?.le you^<f indicate your accomplishment, 



All pbj^cti?$s in this course are learning objectives and ques*tions are teaching questions. 

ssist in learning, and they should enable- you to do a ^ 



They pqint out impiort^nt things, they ass 
better job for the Ni^vy.. • ^ 

This .seifrstqdy. (iourse is only one. part o\ the total NaVy training prdgrap/; by its very 

nature it can take you only part of the way to a training goaK^ Prac4;ical experience,- schools, 

selected reading, and the desire to accomplish are also necessary to Vound out a fully meaningful 
training py^ogram. 



6,- 



1-1. 



7^ 

Learninf'Obflcti^ve: Identify the 
. puDlicatr&^s coi^taining specified 
information which relates to 
training and 'advancement , state 
ways in which personnel may 
prepare for advancement, and 
brief 1;^ explain the mefhod of % 
selection for advancement. 



What document contains a tist of the 
basic occupational skills required by 
your, rating? 

1. The Occupational Standards Manual, 
NAVPfRS 18068 ^ 

2. Personnel: Qualifications Standards 
Manual 

3. Occupational Analysis List 

4. Manual for Advancement 



1-2; If you are an.E-4 preparing to a^ivance 
to E-5, you should expect your- advance- 
ment ex^m to question the minimum skills 
Mor , ) ' 

1. E-5 only I ' / . 

2. E-4 B^d E-5 only ^ 

3. E-3, E-4, and E-5 

4. E-4, E-5, and E-6 

« 

■ < 

1-3. In what publ ication(s) can you find the 
'list of reading material you should 
study for advancement? * 
J. NAVEDTRA 10052 ' f 

2. Occupational Standards and 
Bibliography Sheet 

3. Bdth 1 and 2 above' 

4. N^VEDJRA 10054 * - 



7 



ERIC 



A 



A, PERFORMANCE^ MARKS ) 

b: -time in PAYGRADE/LENGTH OF^SERVICE 

C. PERFORMANCE TEST- 

D. -MILITARY LEADERSHIP fXAM SCORE 

E. ADVANCEMENT tXAM SCORE 

F. REQUIRED COURSES/SCHOOLS 

G. PARS ' y ^ , 

H. » AWARDS . , ' \ 
i: PNA POINTS 



1-10. 



1-4. 



1-5. 



1-6. 



1-7. 



1-8.' 



*List lA 



In'artsw^ring 'question 1-4, .refer/ to 
list lA. ' ^ 



WKich ^nt»;Ljes aVe pefle^ted' in the final 
mul^tiplc: ^ ^ 



:h^r^ 
tipl^ 

1. A^ B,, D; E, G-r^^and H' 
B\ D, ^, ;H, anJkl 
/3. Ac B, E/H,j#ra I 
4. ^Ar.B, C, E, F, arnd I 



What* is^ th^vpurpose of the PQ6 pro.gram? 
1. ' To replace rate training, majnuals and 

nonresident career courses 
2/ To provide a checkoff list of task 
"statements pertaining to the 
tra i nee ' s mi 1 i tary ab i 1 i ty 
Tb replace the Personnel Advancement 
Requi rement program 
-To assist iV qualifying ,ttie trainee 



4. 



to perform assigned duties 



Some rate training manuals listed in' 
NAVEDTRA 10052 are. marked with^an 
asterisk (*). In the advancement 
system they are 
1 ". obsolete 
2'. mandatory 

3. not required 

4. new , . ' _ . 

Wh^ publication lists the latest editions 
of the rate training manuals and corre-' 
spondence courses for your rating? 

1. Bibliography for Advancement Study, 
NAVEDTRA 10052 

2. List of Triiining Manuals and 
Correspondence Courses, NAVEDTRA 10061 

3. Manual of Navy Enlisted Manpower 
and Personnel Classifications and 
Occupational Standards, NAVPERS 18068D 

4. Personnel Advancement Requirement 
(PAR), NAVPERS 1414/4 

How often is the NAVEDTRA 10061 revised 

and Issued?- 

1. Semiannually 

2. Quarterly 

3. Annually 

4. Monthly 



Which^of the/olJowfng are rate , . 
•train^'ftg manuals (RTMs*). and rqnresldenf 
career courses (NRCC$) l^anofd' to be? 

1. Technical maYiuals * ' 

2. Trainee guides '., ' . 
3; I'nstructor guide's ^ • / 

4. Self-study packages - ; , 

Which. of the following study habits . 
should you follbw 'while stuaying a rate 
'trainings manual? » ^ '•' 

1. -fTry *to' cover a .complete^unl t 

2. yWr1te' down questions t^M^^v^cur . 

to you ^ *, - 

3. Relate information in 'the m^^nucil 

\ to 'knowTl5dge -you .alrjeady ^hrav% ^ 
4! All t)f thre above . r i. 



1-117^ Whio writes the e)^ami natiom for ' . 
' advancement 'to P03, P02, or" POl?. ^ ' 
1. An ec[uc^t1on ^peclaJisf holdioi^ . 
, \ -coll egfC degree In testjng ^ ^ 
.2.' A training spee1al,1st' who is a - 
- 11censed'^:raftsman ..\ . 

A subject m^itter expert enrolled^ 
in the graduate school oi a major ^ v 
uni versiity 

A senlof CPO who is. an expert In - 
the particular ratirfg ^ 

What should you do with the Recommendatioi 
..Sheet thay the Educational Services ' 
Officer g/ves you before th^ day of your 
advancement examination? 
1. Examine the sheet to make sure that 
the information on.it is correct 
See that It becomes a part of your 
jacket 

Get your commanding officer to 
initial the sheet 
Mail it to NETPDC 



1-12. 



3. 



4. 



2. 



3. 



4. 



1-13.' You can use the Subject Matter Section*- 
Identification Sheet from your exami-' 
natlop booklet to help analyze your 
performance on the 'exami nation. Itself. 
To do so, you must compare the 

1. examination scor'e with the minimum 
multiple required for advancement 

2. examination status with your final 
multiple as given on the profile 

^ analysis form 

3. results of the examination with the 
information given In sections 1 
through 12 of the profile analysis 
form 



2 

4i0 



/ •"f.^'W" w»»nm |/vuiiia arigi/»i$ Tunn ' f 
•Mb1|IS 70U jtp 

1. cpjwpire your fin^il muT-tiple With the 
liultlplts of those who passed the 
flune.exAinlnatlon 
'2. compare your examination per fQrmanc^ 

with thjit of others who topk the 1-17. 
^same e)(pi1nat1on ^. 
V 3* deMhnlne the number of: points given 
> fdr (iassing the examination but not 
being adyanciid 

•W- Although InfonnatlcJn concerning your 
career and advancement may be obtained 
from many sources, the best source is 1-18. 
your . . /' 

1. Educational Services^ Officer / 
-2. leedlM chief petty off,1cer f ^ 

3* tupervltor I 
4. Navy buddies . 



Learhlna Ob|ect1^ 
why It IS Important for a 



rning 
It 1 

Radioman to Increase his 
knowledgife. qf electricity. 



Explain 



Learning Obj^cttvet Determine 
the electrfcal characteristics 
of subjtomic particles,* 



What type electrical charg^ If any, do 
the followl no. subatomic particles have: 
(a) proton, (b) ^neutron, and (c) electron? 

1. a) None, (b)^ positive, (c) negative 

2. U) Negative^, (bV none, (c) positive 

3. (a) Positive, (b) none, (c) negative^ 

4. (a) Positive, (b) negative, (c) 



none 



Mhdit is the polarity of travel of a - 
directed flow, of electrons? 

1. From poslWVejto negative only 

2. From negative to poisltlve only 
3- The entire circuit may be toward 

positive or negative, depending upon 
the hook-up of Heads at the battery 
terminals ^ j 

Various parts ef the circuitry , may 
be toward posttlve or toward 
negative, depending upon Internal . 
circuit wiring 

:\- r .. ■ : , 



4. 



16, Why Is Unimportant for you to expand 
your knowledge of the basidpfufidamentals 
of electricity as you work to advance 
In rate? 

1. The Radioman rating encoqfipasse^ a 

^ very broad area, and requires more ; 
. diversified knowledge tnan many / 
other rJtlngs 

2. As you advance, not only will a 
higher degree of leadership be 
expected, of you, but also a higher^ 
level of professional knowledge and 

^ skill 

3. \^is you expand the circle of equipments 
wHh wh1cl> you have physical contact, 
a gf^ing .knowledge of basic equip- 

' ment iV Increasingly important to 
the physical safety oV yourself, 
others, and your equipment 

4. All of the above 



Learning Objective: Define the 
basic electrical properties of 
current, power, resistance, 
and voltage. 



To answer questions 1-19 through 1-22, select 
from column B the electrical property defined 
In column A. . 



Definitioris 



1-19. A flow of electrons 
(by diisplacement) 

1-20. That property of a 
substance which 
Dpedg^ the flow of 
^ctrons 

tromotlve force 
or electrical 
tial 

e at which 
done 




B. 


Electrical 




Properties 


1. 


Current 


2. 


Power 


3. 


Resistance 


4. 


Voltage 



ill 

i 




irnlng Objective: Identify, 
r and give the properties 
of ^terlals of different 
conductance levels. 



What arkthe most Important character- 
istics of atoms coJnprlsIng (a) ^ood 
conductors and (b) good Insulatghs? 
J/ (a) The ability to releascTfree 
eleetrtJnsfe^asnyf' 
\ (b) the ability to store an electric 
charge and rejease It upon demand 
2. (a) The ability, to release electrons 
easily; 

(b) the ability to retain Jtheir 
electrons unless large amounts 
^ of energy or force are applied 

(a) The ability to store an electric 
charge and release It upon 
demand; 

(b) the ability to retain their 
'electrons unless large amounts ^ 
of energy or force are applied 

4. (a) The ability t6 block the flow^of 
current effectively; 
(b) the ability to transmit current 
effectively 

Some materials, such as germanium -and ^ 
Silicon, are neither good conductors nor 
good. Insulators, but, rather, are li) a 
category between. What Is the name of 
this category? 

1. Semiconductors 

2. Parasitic conductors 

3. Conduction simulators 

4. Degenerate conductors 
* 

Other factors being equal , how c|oes the 
cesi stance of a conductor vary in 
relation to (a) Its length, and 
(b) Its cross-sectional area? 
K (a) Directly,, '(b) Inversely 

2. (a) Inversely^ (t) directly 

3. (a) Directly, "(b) directly 

4. (a) Inversely, ,(b) Inversely 



Learning Objective: Compute 
the values of voltage, current, 
resistance, and ppwer In a 
simple series circuit 
having a source of voltage 
^ and one resistor. 



Rl 



Figure lA. - Simple series circuit. 

Refer to figure lA In answering 
questions 1-26 through 1-30. 



1-26 



AssunjB resistance of 20 ohms and current 
of 3 amperes. Compute the voltage. 
0.15 V ' ' 
6.67 V • - 

23.0 V » ' 

6i0.0 V 



1. 
2, 
3. 
4. 



1-27. 



1-28. 



1-29. 



Assume resistance of 15 ohms and voltagt 
of 60 volts. Compute the current. 

1. 0.25 A 

2. 4.0 A 
3: 75.0 A 
4. 900.0 A 

Assume current of 5 amps and. voltage of 
30 volts. Compute the resistance. 

1. 0.167 ohm 

2. 6.0 ohms 
3; 35.0 ohms 
4. 150.0 ohms 

Assume current of 3 amps and source 
voltage of 80 volts. Compute *the power. 

1. 0.004 W 

2. 0.038 W 

3. 26.667 W 
: 4, 240.0 W 



1-30. 



Aksume source 
resistance of 
power. I . 

1. 0.2 W ' 

2. 5.0 W 

3. 300.0 W 

4. 720,0 W 



voltage of 60 volts and 
5 ohms. Compute the 



Learning Objective: Compute vilues 
of vo1tege» ourrtnt, resistance, 
and lNMtr In a series circuit 
hairing a source of voltage f 
and multiple resistors. 



1-35. What Is the value of the power drop 
at Rl? 

1. 6W ' 

2. 12 W 

. 3. 24 W . 
4. 36 W 



Rl 



R4 



R2 



R3 



Figure IB. - Series circuit. 

^ In answering questions 1-31 through 1-35, 
^ refer to figure IB. Assume the following 
values: current « 2 amps, Rl - 3 ohms, 
R2 > 6 ohms, R3 « 6 oMns', and R4 « 3 ohms: 



-31. Compute the total resistance. 



1, 



1+1 + 1 



+ 1 



2. R, 



3. 



1 + 1 
I T 



1+1 
F 6 



1 ohm 



4.5 ohms 



6 + 



T /I 



3 + 6 + 6 + 3 



+6 =13.5 ohms 



18 ohms 



Learning Objective: Define 
various common electrical 
terms. 



1-36. In a circuit, the term "ground" refers 
to' 

1. an area of fluctuating magnetic 
flux surrounding a eenductor 

2. the total source voltage of a 
direct-cvirrent-powered circuit 

3. a common reference r^olnt wh6se 
potential Is usuaTly at or near 
zero volts 

^ 4. a conductor, such as a wire, which 
Is attached to both eods of a 
resistor to provide a low-resistance 
path for Current 

1-37. "Short circuit" Is the term applied to 
1. an unintentional path of tow 

resistance by which a high value of 
current can" bypass Its Intended path 
. 2. a circuit whidi Is totally In series 
and which has only one source of 
power 

3. a circuit which Is nonconducting 
because of an op«n switch, broken 
wire, etc. 

4. a circuit In which there Is a 
sudden drop In current flow because 
of excessively h^g^i^sl stance 



1-32. Compute the voltage drop In R2. 

1. 0.33 V 

2. 3.0 V 

3. 12.0 V , i 

4. 36.0 V. • 

H In questions 1-33 and 1-34, judge each 
^ statement as True or False. 

1-33. The^ voltage drop across R2 Is ei^ual to 
the sum of the voltadfe drops Across 
Rl and R4. . - ^ 

1-34.; The value of the cilrrent changes as It 
\ ' . passes each resistor^ changing twice 
as much upon passing R2 as It does 
upgn passing Rl. 



( 
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Uarning Objective: Compute 
Values of voltage, current, 
resistance, and power In 
a parallel circuit. 



Learning Objective: Compute 
values of voltage, current, 
resistance, and power In 
a series-parallel circuit. 



Rl < R2 



R3 




AAAr 
Rl 



AAAr 
R2 

R3 



R4 



1-38. 



Figure IC. - Parallel circuit. 

Refer to figure IC In answering questions 
1-38 through 1-42. 

Assume the source voltage to be 60 volts 
and the total resistance to be 10 ohms. 
Compute the total power. 



Figure ID. - Serles-paralle^ circuit. 

^ Refer to figure .ID In answering questions 
V 1-43 through 1-45. 



1-43. 



1. 
2. 
3. 
4. 



6 
60 
360 
600 



1-44. 



1-39. 



4 amps 



1-40. 



What Is the source Voltage If I 
and Ry = 16 otims? 

1. 0.25V 
^ 4.0 V 

3. 20.0 V 

4. 64.0 V 

•If source- voltage = 30 volts, Rl = 5 ohms, 
R2 « 10 ohms, and R3 = 15 ohms, what 
Is the voltage drop Impressed across R2? 

1. 0.909 V 

2. 2.727 V ^ 
3; 10.0 V 

4.' 30.0 V ' 

^ Judge whether the statements In questions 
W 1-41 and 1-42 regarding circuit values 
are True or False, assuming/the. following values: 
source voltage » 30 volts, = 5 ohms, 
H2 * 10 ohms, and R3 = 15 ohms. 

1-41, The voltage drop across Rl Is one-half- 
the value of that across R2. 

1-42. Rl draws three times the. amount of 
current that R3 does. 



1-45. 



resistance If 

4 ohms, R3 - 2 ohms. 



What Is the total 
Rl » 2 ohms, R2 ■ 
and R4 » 4 ohms? 

1. 1.5 ohms 

2. 4.S ohms 

3. 8. '2 5 ohms 

4. 12,0 ohm? 

If the source voltage Is 60 volts, and 
the resistors are as follows: 
Rl = 2 ohms, R2 » 2 ohms, R3 » 2 ohms, 
and R4 = 4 ohms, approximately what Is 
the circuit current? 

1. 4.67 A 

2. 10.91 A • 

3. 12.85 A 

4. 105.08 A , 



What Is the source voltage If the 
circuit Is 3 amps, the total (or equiva- 
lent) resistance of Rl, R2,t and R3 Is 
2.5 ohms, and R4 « 10 ohms? 

1. 0.24 V 

2. 6.0 V 

3. 31.2 V 

4. 37.5 V 



414 



T-48. 



Learning Objtctlve: Dtflne 
dirtct and alternating 
currtnt; 



1-46. Hhlch, If aiiy, of the following 

dtftnltlons correctly defines direct 
current? 

1. Current characterised by Intermittent, 
rather than continuous, flow 

2. Current which flows In one direction 
* only * ^ 

3. Current which can flow only through 
the single* direct conductflice 
path of a series circuit 
None of the above 



4. 



Which, If any, of the following 
definitions, correctly defines 
alternating current? 

1. Current deHved, alternately, from 
two power sources; i.e., two batteries 

2. Current which repeatedly reverses 
direction of flow 

3. Current which alternates among the 
conductance paths of a parallel 
circuit 

None of the above 



4. 



Learning Objective: Explain 
the function of an a.c. 
generator, and determine 
the frequency of a 
generated a.c. current 
when the number of 
poles in the generator 
and the rotation rate of 

the loop are known. 

« • ■ > 

(a) What is the function of the a.c. 
generator, and (b) by what means does 
It accomplish this function? 



^ Use the following Information In 
^ answering questions 1-49 and 1-50: A 
certain a.c. generator has a rotating loop, or 
armature, that makes a complete rotation every 
one-twentieth of a second within a stator which 
has one pair of peles. 

. •«•,■, 
1-49. Whet Is the frequency of the current 

?ehe rated? 
. 1/20 Hz • 

2. 1/10 Hz - . 

3. 2t) Hz , 

4. 40 Hz 

1-50. If we were to plot this a.c. current for 
one minute, how many sine waves would 
be plotted? 

1. 10 . 

2. 20 

3. 600 
' 4. 1200 

1-51. What Is the output frequency of an a.c. 
generator which has three north and 
three south poles, and which is. rotating, 
at 2400 rpm? 
. 1 . 60 Hz 

2. 120 Hz 

3. 60 kHz 

4. 120kHz 



Learning Objective: Name various 
sine, wave amplitude measurements 
and relate them properly to a 
sine wave. 



1. (a) Converting mechanical energy 
Into electrical energy, 
by electromagnetic induction 
Converting electrical energy 
Into rotating mechanical energy, 
by electromagnetic induction 
Converting a low direct voltage 
to a low alternating voltage and 
applying it to a power trans- 
former, 

by the use of power packs 
4. (a) Adjusting the phase of the 
output current or vol£age 
relative to the phase at the 
Input, 

(b) by the use of a phase shifter 



\ 
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Figure IE. - Sine wave vaTues. 



^ Refer to figure IE in answering question 
^^1-52. 

1-52. What wave arajHitude measurement values 
jare represented by A, B, C, D, and E 
respectively? 

1. Peakrto-peak, average, effective, 
positive peak, negative peak 

2. - Negative peak, effective, average, 

peak-to-peak, positive peak ^ 

3. Positive peak, effective, average, 
peak-to-peak, negative peak 

4. Positive peak, average, effective, 
peak-to-peak, negative peak 

To answer questions 1-53 through 1-56,- select 
from. column B the 'electrical property defined 
In column A. 

, * ^ 

' A. Definitions 



B. 



Elearical 
Properties 



1-53. 



1-54. 



l-55\ 



1-56. 



Wasure of the number of 
; cycles of current per 
second 

The proper*ty of an 
electrical cirjcuit 
that opposes any 
change of current 

A term used to describe 
the relative positions 
of the sine waves of • 
two or more currents 
or voltages existing 
at ^he same -time 

The property of an 
electrical .circuit that 
opposes any change of 
voltage 



1 . Capacitance 
Frequency , 
Inductance , 




4. Wase rela- 
t)ionsh1p . 



Learning Objective: Determine 
why. sfilf-lnductanCe 1s greater* 
in a.c. than d.c^ circuits, 
distinguish the relative 
Inductivlty of listed conductors, 
,and compute Inductance "l4fi ' 
series and parallel circuits. 



1-57, Self-,^ductance 1s, more pronounted in 
a.c. .titan d^c. circuits. What 1s. the 
explanatlon^for this fact? 
]*. The occurrence of flux change 
\ (flux expanding or collapsing) 1S 

much more pronounced in a.c. than. 
1n d.c. circuits , • 

2. After current reaches Its peak 1n 
d.c. circuits, the magmtic field 
around the conductor c6l lapses and 
becomes- nonexistent . 

3. The peak value of a.c. current in 
a circuit 1s usually greater than 
the peak value of d.c. current 

4. Because the effective value of 
a.c. current 1s less than Its peak 
value, the measure of its-^elf- 
inductance is gVeater than that lof 
d.c. current 

* % 
1-58. What is the total Inductance In a 
series circuit having well-shielded 
indbcters^f 5 mH and 10 mH? 

1. 0.Q7 mH 

2. 0.3 mH 

3. 3.33 mH 

4. 15.0 mH . 

1-59. What is the total Inductance in a 

parallel circuit having well-shielded 
inductors of 3 mH, 3 mH, and 6 mH? ; 
^\ 0.083 mH 

2. 0.833 mH ' ' . 

3. 1.2 mH ^ 

4. 12.0 mH 

^ Refer to figure IF in answering question 
• • 1-60. 

1-60. T)ther factor? (le(igth, diameter, etc.) 
. being equ^l/what would be the relative 
degree of inductivlty of the Illustrated 
conductors, listed from highest to 
lowest? ^ 



K C, D,. B, A 

2. -B, C, A, D 

3. B, A, D 

4. C, B, D, A 



. 8 




A. LooMly-coltMLalr-core conductor 





C. Tightly- coiled Iron-core ^conductor 




B. Tlghtly*coiled air-core conductor 



0. straight length of wire 



Figure IF. 



\ 
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Learning Objective: Identify 
the phase reiattohshlp of 
current* applied voltage, 
and iniluced voltage In an - 
iOductlve circuit. 



onductors'of various Inductances. 




TIME 
ONE 



1-61. 



1-62. 



. Refer to figure IG in answering question 
I76L 

What Is the phase relationship between 
voltages El and^EZ? 
1. . El lead's E2 by 90*^ 
2. E2 leads El by gO<> 
,3. El lags E2 by 183*> 
4. E2Jags El b)fl80o 

Which of the following phase relation- 
ships-sexists In an Inductive circuit? 

1. The current lags the applied voltage 
by 90** and is -in phase wi th the 
induced voltage 

2. " The currNent lags the applied voltagfe 

by 90° and lags the induced yoltage 
by 45*' 

3. The current lags, the applied voltage* 
by 45° ^nd leads the In^iuced voltage 
by 45° • 

4. The current lags the applied voltage • 
by 90° and leads the Induced voltage 
by 90° 



C 



Figure IG. - Phase relationship of sine waves. 
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1-64. 



Leamlna Objective: Explain 
hOM to Increase the capacl- 
tence of a capacitor, 
recoanize possible results 
of dielectric leakage and 
of exceeding the voltage, 
rating of a capacitor, 
and confute capacitance 
In series and parallel 
circuits. 



Which of the following groups of actions 
lists three ways to Increase the 
capacitance of a.capacltorj? 
1/ Increasing the area of the plates; 
" decreasing the distance bjBtwfien the 

plates; increasing the dielectric 

cortstant 

2. Decreasing the area of the plates; 
^ increasing the distance 'between the 

plates;* increasi no the dielectric 
constant ' 

3. ' Increasing the area of .the plates; 

decreasing the distance between the 
plates; decreasing the dielectric 
constant , 

4. Decreasing the area of the plates; 
increasing the distance between the 
plates; decreasing the dielectric 
constant • 

A high degree of dielectric leakage in a 
capacitor could quite possibly cause 
the capacitor to ^ , 
1 ; overcharge and crack or break ^ 

2. discharge and become overheated 

3. discharge and reverse the flow of 
current through the ci«:uit 

4. overcharge and catch on fire 



1-65. 



If a. capacitor is subjected to a level 
of voltage which exceeds its voltage , 
rating, which of the following 
conditions is most likely^ to occur? 

1. Dielectric breakdown, aV^cing between 
the plates, and the passage of direct 
current through the capacitor 

2. -, A sh^rp upswing in the level of 

• capacitance, resulting in rapid,* 
erratic reversals of polarity of the 
capacitor 

3. An instantaneous change^in the ' 
working voltage of every capacitor 

in the^ircuit ' 
A, .An outbreak of fire at the 
capacitof 




Figure^H. - Capacitors in a series circuit. • 

^ Refer to figMfe IH in answering question 
• 1-66. 

• / . 

1-66. What is th^ total capacitance In 

fai^ads. (f) of the cii^uit shown? 

1. 0.001 f 

2. 0.01 f 

3. 100.0 f 

4. 1,000.0 f 




Figure IJ. - Capacitor^ in a parallel circuit. 



Refer to figure 1 
1-67. 



answering question 



*.l-67. What is the total capacitance of the 
circuit shown? 
1. 0.0008 f 
<2^. ^.008 f 

3. .125.0 f 

4. 1250.0 f ' 



10 
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* Learning Objective: IdentVTy 
« the scbenatlc sym^ls for 
' several -'elebtrlcal terms. 




'A. 



1-71. Resistor 
1 . B 

.3. E 
w 4.,G.- 

1-72. Batjery 

2! D 
3. E : 



It 



' Figure IK. ^ 

^efer to figure TK in answering questions 
[1-68 through 1-72. Ir\'each pf tKese 
« questions, select the symbol from figure IK 
to match the term given. 

1-68. ' Capacitor 
. 1. B . 

2. C ' 

3. D 

4. E • 



Learning Objecti ve : Determi ne 
\ifha.t properties combine to 
form Impedance; compute Indue* 
tlve reactance; and compute 
capacltlve reactance. 



1-73. Impedance is the^cumulatlve effect of 
, which of the, following electrlcial 
properties? 

1 . Resistance, capacitance, .reactance 
^ 2. Capacitance, voltage, current 

3. Resistance, Inductive reactance, 
capacitive reacttfnce 

4. lYiductlve react^ce;. capacltlve ' 
K reactance, capacitance 

Wl"74. If the Jjidiictance of a. circuit Is 
' .65 henrys and' it Is utilizing a 
60-Hy a.c. current, what Is the 
s approximate value of Its Inductive 

reactance? 
; 1 . 0.004 ohm. 
2^ 39.0 ohms 

3. 244.92 ohms ^" 

4. 489.84 ohms • 

1-75. If the capacitance of a circuit Is 

.004 farad and It Is utilizing a 69-Hz 
current, what 4s the approximate value 
of Its capa'cltive reactance? 

1 . 0.332 ohm 

2. 0.663 ohm^ 

3. 1.507 ohms 

4. 3.014 ohms " . 



'1-69. 



Ground 

1. A 

2. B 

3. E 

4. r F 



1-70. 



Inductor 

1. A 

2. B 

3. C 

4. 6 
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Textbook AssfQ/iment: Pages 20 - ^ 

■J: ' . . . 



Learning Objective: Idelitify 
the units of measurement 
associated with iseveral 
GOfimon electrical properties. 



2-4. 



A.- 


Ai^)ere , 


B: 


Couloflib * 




Farad 


D. 


^J^nry 


E. 


Kertz 


F. 


MhQ . 


G. 


Ohm 


: H. 


Volt 


I. 


Watt 





2-5. 



1 



2-6. 



2-7. 

t 

2-8. 



List 2A. 

In answering questions 2-1 through 2|8, 
• select from list 2A the unit of* 
measurement used to measure the electrical 
property given as the question. 



2-1. 



2-2. 



E 

1. 

2. 

3. 

4. 

I 

1. 
2. 

3. 
4. 

R 

1. 

2. 

3, 

4. 



A 
B 
H 
I 



1. 



4. 


G 


\ 




. 1; 


B 


2. 


D 


3. 


F 


4. 


G 


f 




-1. 


A • 


2. 


D 


3. 


E 


4. 


V 


L 




1. 


c 


2. 
.3. 


4 


4. 


F 


C- 




1. 


C 


2. 


D 


3. 


E 


4. 


F 



/ 



• \ 
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Learning Objective: 'Distinguish 
Mtmg the names, characteristics, 
and uses of the various bands 
of ;f requencles used in radio 
coiRNinl cations. 



D. 



Relatively long distances can be 
tfoVerW:,™1'hU is one of the two 
bands in wfMch oost shipboard 
trarMiltters ahd mei vers 'operate. 
Used extenat^ly by commercial 
facilities. The international 
distress signal is in this' band. 

ThefsllfiaT can travel' long distances 
anil cM^gcr through magnetic storms. 
This baM^is used pMjmarily for/ 
fjeet broadcasts* radio rTayigatton,, 
and transmission of timfe standards. 

Th'is band is used fo?^ aeronautical 
radio navigation ana commurrf cations, 
radar, and ^m^un radio. ^ x 

This hfeind is used for lor^-range 
direction-finding, medium-, and 
long-grange communications, and 
aeronautical nav^gatipii. 

This band is used for^short-range- 
communi cations. . . 

>■ 

This band is used primariTy by 
mobile and maritime communication * 
um'tST yThis is one of the two bands 
in whi^p^st shipboard transmftters 
and r^ceiv^s operate. . > 



• ^ In answeri 

^ select from 
the frequency band 



2-9. 





ist 2B. 



questions 2-9 through 2-14, 
ist 2B the description of 
iven as the question^. 



2-11. 



2-12. 



2-13. 



2-14. 



MF (300-3000 kHz) 

1. A 

2. B 

3. C 
4-. E . 

HF (3-30 mi) 

1. A 

2. B - 

3. D ■ 

4. F 

VHF (30-300 MHz) 

1. B ' , 

2. ,C 

3. D 

4. F . ' 

UHF (300'.MHz -'3 GHz) 

1. A ' 

2. D- 

3. E 

4. F- 



Learning Objective: Identify, 
•from a block diagram, the , 
basic components of a typical 
transmitter. -x^^ 



ANTENNA 



~7- 
(C) 



(D) -J 



(A) 



Figure 2A./- Stages of 'a typjcal transmitter. 



2-10. LF (3(b3d0 kHz) 

/ 1. C 

• . 2. D 
3. 

- • 4. F 
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Refer to figure 2A in answering l^uestiort 
2-16. ^ \ . I- . 

W^ntlfy the, components of the 
illustrated transmitter. 
1. (AV Oscillator, (B) power supply, 
(Cj buffer-frequency tjultiplier, 
power amplifier . 
Oscillator, (B) ,power suppffy , 
power amplifier, (0) buffer- 
. frequency multiplier 
Power supply, (B) oscillator, 
buffer-freqwency multiplier, 
power amplifier 
'Power supply, (B) buffer- 
frequency multiplier, 
oscillator, (D) power amplifier 



Learn/hg Objettive< Explain, 
the prinwiry functions of the 
basiclcomponents of a CW ' 
^rar>si^i ttej^ 



2-18. 




\ 



Vfhat is the purpose of the keying device 
of a CW transmitter? 

1. To start and stop the amplitude' 
, modulation , process 

2. To start and stop' the frequenpy 
modulation process 

3. To turn the internal IF on and off 

4. To* turn the RF- output on and off 

What is the function of an oscillator in 

a CW. transmitter? . 

1. To produce an a.c. signal which is 
(Consistently at the desired 
frequency and amplitude 

2: To produce an a.c. signal which ts 
consistently at the^dpsired » ■< 
frequency, amplify tha.t signal, and 
itfftntain the. stability, of its 
amplified form J v 

3. To produce and amplTfy an a.c. 
signal, fil^tef it, and then maintain 
frequency, ama amplitude stability 

4. To produce 2m a.c. signal which is - 
consistently at the desired 
frequency, and, for reinfortement, 
vary its amplitude in phjase.with 
the curreat . 



2-19. 



\ 



2-20. 



2-21. 



J-: 



What is the purpose of the feedback 
circuit tn ar transmitter? 

1. ^ To feed the output of the transmitter 

• back through the oscillator to*give ^ 
the signal an additional pulse of 
voltage j / i 

2. To feed. the output of the transmitter 
back through a filter circuit for 
purification . ' o 

3. To feed a low-amplitude ou^ut f 
signal back to the oscillator to 
help .maintain stable oscillations 

4. To feed a *low-amplitude outpiTtJ 
SNigna^l back to the amplification 
circuit^ be strengthened 

'/ . ^ ■ ■ ' ■ 

What is the usual function of the buffer? 

1. To measure tt)e amplitude and 
frequency of the signal from the * 
oscilTator and compensate for any 
variation 

2. « To provide tlie final amplification 

to the signal before it is^radiated 
.3. To measure the amplitude* (only) of. 

the signal from the oscillator and 
. contpensate- for any variation 
f. Tc^iamplify the signal from the 

oscillator sufficiently to drive. 

the^power ampJlifier V 

Qj\Qf reason for having one or more power 
amplifiers between the oscillator and 
the antenna is to increase the strength 
of the s'ignal. What is another reason 
for having th^ amplifier stage in its 
position in the transmitter? 
1. To help maintain frequency stability 
, l^y bTocking the reflection of the 

antenna impedance to the oscillator 
2^. To help assure, uniform shapes of 

the waves just prior to their ^ 
' radiation by feeding them through 

an internal waveshape standardization 
A circuit ^ 

To help avoid the radiation of. 
L overmodulated signals by clipping 
^^>jll parts of the signal Ijeyond. 
^ certain limitations ^ 
4, To helpjassure a continuous, smopth * 
, ^output (rather than intermittent or , 

broicen j^ulses) from the transmitter i 



^\ihat voltages/energy are^^provided to the; 
various circuits by the power supply^ in 
a transmitter? K 
1, Alternating and direct voltages and" 

RF energy 
2^ Alternating voltages only 

3. Direct voltages *pnly 

4. Alternating and dirq^ voltages 



. only 



4 22 ^ 



14, 



J- 



2: 



2^2L What processes dccur'in a power supply 
durlngr^) fectlflcatlon 4ind 
(b) filtering? ' ^ v - 

1, (a) The sine waves^are smbotned 
(amplitude maioe more near]y 
constant) , ? ^ 
(b) the a«c/ is changed to pulsating 
. d.c. / , 

(a) The* sine waves are smoothed 
/ (amplitude made more nearl.y 

constbnt}, . ^ . 

(b) the signal is furtther flattened 
1 and smoothed out 

*3. Ca) The^a.c. voltage Is changed to 
^ pal sating d.c. , 
(b) 'alternate pulses of the -d.c. 
voltage are ellmtnated 
^. (a) The a.c. voltage Is chajiged to 

ptilsating d.c. ; ^ 
• (b) the pulsating- d.c. is smoothed 
(m6e more nearly constant) 




2-24 



2-26. 



— k—V7 

Learning Objective: Identify 
t^e major i^naonents of the 
crystal mlcrophoji^P^. . , 



7 



) 



Learning Objective: Explain- 
. functions of the basic 
components of an amplitude^ 
modulBted (AM) transmitter. 

Wha-t.ls the function of the JjJ^lver stage^ 
«pf an AM tTansmUter? - - _ . 
U To direct the received signal to » * 

/ specified patf^'Hn the circuit 
2. To ajjternately add to and subtract 
from the platp voltage of the 
povjer amp^llfifer ' 
, 3. Totncrea'se the'slgnal to a very 
large voltage 
4. T9 rectify the incoming a.c. s4gnal 

The modulator emits a* relatively 
high-voltage amplified signal* which * 
cj^rresponds iq shfipe to the voice 
vJSves received by the mlcronhone*. 
(a) What path Is , then V^veaed by this 
sngnal, and lb) ^foi what piifpose is It 
directed thefe? ' ' 
1. (a) Jhrough one*of a pair of twin 
, _ In-phase corjiectors ^irectjy 

to the arvtenna, 
^fb) to be transmitted^ at the same 
time afs the RF^arrlfer 




OUTPUT 
VOLTAGE 



* Figure 2B.'- Crystal micrbphor^ 

^ Refer to figure 2B In answering, question 
^ 2-23. — ^ , - 

' 2-I23. Identlfy/in alphabetical sequence, the 

• ^ lettered Items, related" to the composition 

or use of a diaphragm-type crystal 
I microphone. 

• ' 1. (A) Diaphragm, (&) crystal, 

(C) Electrodes 
2. {A)jrtlectrodes,, (B) diaphragm, 
(C) crystal - 
'3. (A) Crystal, (B) electrodes, * \ 
-Hx) diaphragm ' * ' 
4. (A) Electrodes,MB) crystal, 
(C)'( 



2-26. 



' diaphragm 



15 



3. 



SI 



jfche .final' power ampl1f|i|:, 
modulate the RF (3Vr1er 



rough the wave synchronization 

ir stage, a network of f^llter^-and 

oscillateys; ^ r 
(b) to be merged with the RF. carrier 
(a) To the buffer amplifier for 
.^awplification, then through tJ 
.other-nntermedlate amplifiers 
(if any), an(J Into the power 
amp4.if1e»^^ • y 
b) to ftkJdula^ the RF i^afl-rier , 




Learning Objective: Describe 
amplitude modulation and the 
resultant amplitude-modulated 
wave. 



If an RF carrier of 2750 kWf Is 
'amplitude-modulated by an audio 
frequency of ,1' kHz, what would be the. 
frequency of 'the resultant (a) upper 
sideband, and (b) lower sideband?' 

1. (a) 2750.^ kHz, (b) /749.9 kHz 

2. ?a) 2750.5 kHz, (b) 4749.5 kHz 

3. (a) 2751 kHz, (b) 2749 kHz 

4. (a) 2760 kHz, . (b) 2740 kHz 
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sts a11 
the 



the 



Uhen/ari Rr carrier Is modulateo by a 2*32.^ 
sincfle AM Yr«que(lcy» What percent of the 
>aiiipntu(te of thj^jmodulatlng *ave"1s the\ 
\ . m^y\t\xm of thfe- upper or-ipiiipr s1<leband>\ 
. as cari be displayeil on^'a sp^trum' 
^ analyzer? " 

1. m , . _ 

2. MX 

3. ^. 75X <]- , - . 
' 4. lOOX 

■/ -.^ 

InMinswerIng questltns' 2-28 and 2-29. . 
assume that there 1s a double sidetond 
wive Mhlch resulted from the^amplltude ^ 
niodulatlon of a carrier df.lO kHz by signals . 
/With frequencies at..3. .9^ andj.2 kHz. 

SelectAhe response^ Wiat 
' resbTtSnt side frequencies 

• . modulated wave. - * , 
, >^r. .3. 1.0. 1.2. 2.4 kHz 
) 2. 9:7. 10. 1. 9.5^^ 10.5. 818. 11.2 kHz 
^ 10.3. 10.5. 11.2 kHz ' ^ ^ 

. 4. 1T).3. 10.6. 10i5. 11.0, ir:2rl2.4 kHz 

2-29.\ wKlit Is the bandwidth of the modulated 
' wave, measured 'In kHz? v j 

1. i.2 kHz ' -/^ 

2. kHz ' / W - , ' 

3. ^11.2 krfz ' : , ■ 

4. .12.4 kHz \ 

* - ' - ♦ 
2-30. In the amplitude modulation mode, if the 

peak voltage of the modulating signal Is 
equal to the supply voltage to the final , 
power amplifier, what will be the degree 
of modulation?^ 

1. * 0% \ 

2. 25% - . 

3. 5bl ' 

4. m% , 2-35. 

« • 

2-3k If the degree -of amplitude modulation's 

> 100%, what will be (a) the RF output .. 
^ voltage on the negative peak of the 

modulating signal, arirf (b) the relation- 
ship of the maxtlmum RF*outpuf voltage 
on the positive peak of the modulating 
signal t(T the^arpplitutde of the. 
unmodulated cSarrier /tiltage? ; ' 
^ 1. (a) One-h*lf that on the positive • ^ 
peak; ub) quadruple 

2. (aVOnerhav^ that'bn the positive 

peak; (b) twice 

3. (a) Zero; (b) half ^ 

4. (a) Zero; fb) twice / 



What. Is thr modulation factor If a 
carrier wave with a peak amplitude of 
300 volts Is amplitude-modulated by a 
2-kHz wave havli^c^li peak amplitude of 

380 voUs? ;. 

O.Ol# i ^' * ■ • • 

0.011 * 

0.6 • \ 

1.67 ' . ' 



V. 



2-33. At 100% amplitude modul attorn » the 

..sideband? (together) contali^ one-half 

as much power 4s the unmodulated 
* carrier. If the.degree of modulation is 
reduced to 50%. what then Is the 
relationship of/the power of the ^. 
sld^ebands (together) ^to that of .the 
. unmodulated carrier? 
r; — 1. 0ne-e1ghth 

2. One-^ fourth 

3. Three-fourths - , 

4. The same / ' " ^ 



Learning Objective: Explain 
functions of, the basic 
components of a single side- 
band (5^8) tra'nsmi tter . ' ^ 



2-34. 



What. type of^slghal does the SSB 
f generator of^^a^typlcal SSB transmitter 
actually produtt»at the generator^'slage? 

1. Double slfiJeiDand ; \ 

2. Single sideband reduced carrier 

3. Single sideband suppressed carrier " 

4. Independent or double single ^ 
sidebdhd 



The generated slgna^Ufrom th^SB 
generator of a SSB transmitter passjes ; 
through a highly selective fflter. What 
Is the purposes of the filter? 

1. To reject one of the sidebands, 

2. Jo trim off all amplltyde crests 
which exceed modulation limits ' " * 

3. To separate the sidebands and pass 
them on for separate transmission 
To reject the carrier and pass the 
remaining part of Its Input to the 4 
next stage' . ^ 



4. 



2-36. After the signal passes thr6ugh the . 
filter, what action occurs as the 
signal goes through various mlxerrs^ 
and. amplifiers? ^ 

1. It is mixed with a modjjlating 
* audio frequency signal 

2. It is miyed with the lower-frequency 
output of a local oscillator t^ 

^ tlfecome an intermediate frequency 
or somewhat lower frequency 

3. It Is concerted to ^ radio frequency 
to be transmlttecf 

4. It Is checked against the frequency 
/. stapdard .circuit, automatically 

: retuned to its original frequency, 
.filtered to remove modulation, 
and amplified for transmission 

2-37. What signal does the carrier generator 
provide and where is this signal 
directed?*" 

1. It provides the conversion 
freqfi^AAcies necessary to produce 

* the signal, which is 

directed to the mixer*ampl ifier 
5tage ^ 

2. ilt provides the RF cafrier, whic^ 
is idirected ^straight to the 

. /, antenna to be rnerged with the 

outgoing signal 

3. It provides the IF carrier used 
to produce^'the IF SSB signal, 

^ yihich is directed to the SSB 

generator 

4. It provides the conversion 
frequencies necessary to produce 

% the RF SSB signal, which is 

directed to the SSB generator 



Learning Objective: Distinguish 
amorigs,t;b!P various types of single 
sideband transmissipn. 



To answer questions 2-38 through 2-41, 
select from column B the mode of transmission 
described in' column A. . 



2-38. 



2-39. 



2-4^. 



2-41. 



A. 



Definitions 



B. 



The mode of trans- 
mission in which 
a carried and two 
sid^bands carrying* 
different informa- 
tion are transmitted 
together 

The mode of trans- 
mission in which 
one sideband is 
eliminated and 
the power of the 
carrier diminished 
prior to trans- 
mission of the 
signal , and the 
other sideband and 
the weakened carrier 
are transmitted 
together 

The nfiode of trans-* 
mission in which 
one sideband and 
the cannier are 
eliminated prior 
to transmission 
of the signal , and 
then a signal of the 
same frequency as 
the carrier is later 
reinserted by the 
receiver 

The mode of trans- 
mission in which , 
one sideband is * 
eliminated prior 
to transmission of 
the signal , and the 
other sideband and 
the carrier (without 
alteration) are 
transmitted together 



Modes Of 
Transmi^ssion 

Single side- 
band full 
carrier 

Single sicje- < 
band reduced 
carrter 

Single side- 
band suppressed 
carrier 

Independent 
or double 
single sideband 



\ 
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■Learning Objective: State 
the advantages of trans- 
mission by the CW mode as 
cjwfipared to the AM mode, 
and^ty, the single sideband' 
mode as compared to the 
AH double sideband mode. 



-42. What advantages has CW' transmission, 
as cdmpared to amplitude-modulated . 
signal. transmission? * 
High fidelity of vocal tone ,« 
rep)roduct1on; good penetration of 
heavy noise conditions by the 
signal r long-range capability 

— 2*. High fidelity of vocal tone 

reproduction;' good penetration of 
heavy noise conditions by the 
signal; narrow bandwidth 

3. Long-range capability; good 
penetration of heavy noise conditions 
by the signal; narrow bandwidth 

4. Long-range capability; narrow 
bandwidth; strengthened signal, 
because of its reinforcement and 
amplification by phase relationship 
between the RF and IF segments of 
the wave 

-43. Two of the advantages of single sideband 
transmission (disregarding independent 
sideband) over double sideband trans- 
mission are reduced bandwidth and 
increased effective power, therefore, 
increased range.. What are two other 
^ advantages? 

1. Less distortion and less interference 

2. Less distortion and much higher 
rate of travel of signal through 
space 

3. Less interference and much higher 
rate of\ travel of signal through 
space / 

4. Lower distortion and reduced size 
^ of the antenna required 



V 



2-44. 



2-45. 



2-46. 



2-47. 



^-48. 



2-49. 



2-50. 



Learning Objective: Define 
amplitude modulation and 
_£pequency modulation, and 
explain some of the principles 
* involved in FM. 



ji^ge whether questions 2-44 through 
t%Z ar6 True or False. 

Intelligence can be superimposed on a 
carrier in the form of changes In the 
amplitude'of the carrier. Thfs Is 
known as amplitude mdtiulatlon (AM). ' 

Intelligence ''can be ^superimposed on a 
carrier in the form of changes in the 
frequency of the carriejA. Thls^is 
known as frequency modmition (FM). 

InFM* the amount the carrier is 
i^^fied depends on. the frequency of the 
modulating signal . . 

In FM, the rate at.wh-ich the carrier 
is varied depends on the amplitude of 
the modulating signal. 

In'FM, the amplitude of the RF remains 
constant, both during and betwee/i 
periods of modulation. 

If a carrier with a frequency of 
29,500 kHz is frequency modulated by 
a signal with a frequency of 2 kHz, 
the first set of sideband frequencies 
is 29,498 and 29,502 kHz. What are 
the frequencies of the second and 
third sets? 

1. 29.497 and 29,503 kHz; 
29,496 and 29,504 kHz 

2. 29,496 and 29,504 kHz; 
% 29,494 and 29,506 kHz 

3. 29,496 and 29,504 kHz; 
, 29,492 and 29,508 kHz 

4. 29,494 and 29.506 kHz; 
29,488 and 29,512 kHz 



The number of sideband frequencies of a 
frequency-modulated wave is theoretically 
infinite. The bandwidth of an AM wave, 
however, has been set by definition to 
be the frequency range, between the 
extreme upper and extreme lower side- , 
bands having amplitudes that are at 
least what percent of the amplitude of 
the unmodulated carrier? 

1^ n 
1.1% 

3. . 5% ^ w 

4. -^0% ^ 



18 



2-51. 



2-52, 



2-53. 



What are the frequency and distortion 
characteristics of wideband FM, 
relative to narrowband FM? 

1. High frequency, low distortion 

2. High frequerjcy, high distortion 

3. Low fre^uerfcy, low distortion ^ 

4. Low frequency, high distortion / 

What Is the formula for finding the 
modulation index In FM if you are given 
the frequency deviation of the carrier, 
(Fd) and the frequency of the highest 
modulating signal (Fm)? • 
1, M = Fd X Fm 



M 



3. M 



1 



Fd X Fm 



M = 



Fm 

Fm 
FcT 



2-54. 



What is meajit by 100% modulation, as 
related to the description of a 
frequency-modula'ted signal? 

1. The amplit;ude o/* the envelope 
varies between zero and twice 
its normal unmoflulated value 

2. The, carrier is deviated in frequency 
by the full permissible amount 

3. Deviation of the carrier occurs 
100^ of the time , 

4. The power output varies from a 
null (zero) to a po\nt twice that 
required for unmodulated transmission 



Learning Objective: Explain 
^the purposes of some of the 
safety equipment and safety 
practices associated with 
the handling of ^transmi tters . 



What is the purpose of the interlocks^ 
' 1 n a transmi tter? 

1. To lock the access dooj^s securely 
to prevent their befn^ opened by 
unauthorized personnel 

2. To provide a secondary fastener 
for access^ doors to prevent 
them from opening accidentally 
when the equipment/,s in a moving 
ship or aircraft 

3. To provide safe, wel ^-tnsulated > 
connecxors by which' other equip-. 

/ ment. rTpy, be linked and " i nterl dcked" 

to the transmitter safely 
4.. To t4rn off the power to the 

transmitter automatically when an 

access door is opened 



2-55. Before touching any of the inner 

components of a transmitter with your 
>iand, it is important that you first 
probe about inside with a metal rod » 
with a .wooden handle, (a) What do 
you call this rod, and (b) what is the 
. ji^rimary purpose *of your p'robi ng- about? 

1. (a) Breakage-detector rod; 

^ (b) to tap the comppnents^lo see 

* If any of them appea/ to be ^ 
cracked or broken 

2. (a) Compoi/ent-securlty rod; - 

(b) to tap the components to see 
if all. of them ar^ tightly * 
seated a.nd securely connected 

3. (a) Shorting.bar; ' '* 

' (b) to touch each part of the - 

circuitry that may carry a, 
charge stored by a capacitor, 
causing it to discha|q'e by 
means of a ground Gg^nection 
from the shorting bar 

4. (a)'Power-deteGtioa rod; 

(b) -tQ assure, by means of spark 
detection,* that the power to 
the transmitter has been 
turned off 



Learning Objective: Identify 
characteristics, define terms, 
and explain procedures associa- 
' ted wi th the use of the 
superheterodyne AM receiver. 



2-56. What is the form and c-gmposition of the 
radio signal to be received by AM 
superheterodyne Vecei^^ler? 

1. A modulated RF signal composed of 
an RF fignal upon which an AF 
signal' ha^ been impressed 

2. An unmodulated RF signal (carrier), 
V composed- of an intermittent RF 

^ signal which does* not vary in 
amplitude, .but does vary in 
frequency 'accordi ng to the informa- 
tion it carries^. ^ " ■ 

3. A modulated RF signal , composed of 
an RF signal upon which a,,second » 
RF. signal of 'higher frequency has 
been impressed ^ ' 

4. A modulated IF signal, composect\Of 
ah RF signal which has ^een < , 
modified and modulated Uy an IF 
signal , 
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2-57. Relative to receivers, what is meant 
by the term "sensitivity"? 
1. The ability of a receiver to 

reproduce a weak signal 
2* The susceptibility of a receiver 

to misalignment or drift 
: 3. The degree of physical fragility 

of a receiver 
4. The ability of a receiver to 

differentiate among closely-spaced 

signals and reproduce the desired 

signal 

2-58. Relative to receivers, what is meant 
by the term "selectivity"? 
1. The abili^'^f a receiver to 
re p rod ucVjr w e ak s lgngt ^ 

^bjMzy of a receiver to select 
either CW, AM, or FM signals at its 
antenna and RF amplifier s'tages 

3. A mea^sqre of the ease with whtch a 
receiver selects the carrier or a- 
specified sideband from the full 

^' signal 

4. The ability of a receiver to 
differentiate among closely-spaced 
signals. and reproduce the signal 
desired f 



2-62. What is the next thing that happens to 
the RF signal from the antenna after it 
goes through the input tank? 

1. It is heterodyned ^ 

2. It is amplified by an RF amplifier 

3. It is detected or* demodulated 

4. It is processed through the beat 
frequency oscillator 

2-63. What two signals go to the mixer of a 
superheterodyne receiver? 

1. A locally-produced intermediate-' 
frequency signal a^nd a signal, the 
frequency of which la the difference 
between Jth^ incoming RF and the IF 

2. The incoming RF signal and an IF 
signal which is usually 455 kHz 

3. The incoming RF signal which has 
been amplified, and a constarjt- 
amplitude RF stgnal fromi^local 
Qscillator ^ 

4. The incoming RF signal and a signal, 
the frequency of which is the 
difference between that of the 
carrier and the outer side frequency 
of either the upper or lower side- 
band Q 



2-59. 



-60. 



Which of the following is a term which 
means the combt/ining of, two or more 
frequencies to produce new frequencies? 

1. Squelching 

2. /Heterodyning ^ 

3. Demodulating (or detecting) 

4. Oscillating 

ft * ,4. « 

*What function of a receiver takes place 
when a transmitted electromagnetic wave 
cuts acfoss the receiver antenna in 
^Uch a way as to irfduCe a voltage in 
the antenna circuit? 
1. Detection 
21 Reception 

3. Modulation 

4. Mixing 



2-61. The cutting of electrornaghe-tic waves 
across "the antenna induces very small 
' a.c. voltages which A^e then fed to one 
or more frequency-selection circuits 
located at the input to the receiver. 
• Which of the -^0,1 lowing is a function of 
these fre(Mrt|py-selection circuits? 
1. To select the'desired frequency and 

reject all others ^ 
*2. To synchronize the carrier and side- 
bands so that they will be in phase 

3. To remove the carrier and one side- 
band from the signal 

4. To amplify the signal to the level 
' necessary to drive the next stage 



l6kHz 



I6KHZ 



I6KHZ 



I6KHZ 




Figure 2C. J 

^ Ref er ,to figure 2C in answering questions 
2-64 through 2-67. Sharper tuning is 
desired in the RF amplifier stages of some * 
receivers than of others, depending upon the 
purpose of the reception. In each question, 
select the tuning curve (indicating sharpness 
oT turting) associated with the type of receiver 
named. 



2-64. 



CW 
1. 
2. 
3. 
4. 
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2-65. FM (commercial ) 

1. A ' 

2. B 

3. C 

4. 0 

2-66. AM (commercial ) 

1. A 

2. B 

3. C 

4. 0 



«-67. 



2-68. 



2-69. 



AH voice communication' (military) 
1. A 

S I 

0 



2. 
3. 
4» 



What will be the frequency of the local 
oscillator of a- superheterodyne 
receiver if the IF is 455 kHz and the 
incofliihg RF is 1655 kHz? 

1. ' 455 kHz 

2. 1200 kHz only 

3. 2110 kHz only / 

4. Either 1200 kHz or 2110 kHz / 

If the RF input to a superheterodyne 
receiver is 1655 kHz and the IF is 
455 kHz, wftat are the major frequency 
outputs of the mixer? 

1. 1655, 455, 1200, and 2110 only 

2. 1655, 4«5, 1200, 2110, 2855, and^' 
3765 

3. 455, 1200, and 2855 only 
455, 2110, and 3765 only 

4. 1655, 455, 1200, and 2855 
1655, 455, 2110, and 3765 



or 

only 
only 



or 



Learning Objective: Describe 
the various stages of a receiveir. 
(This objective is continued 
in Assignment 3, ) 



A. Among other functions performed, 
components in this stage isolate 
the oscillator from the antenna- 
ground systems . 

B, From this final s'tage of the, super- 
heterodyne receiver the signals go 
to a speaker, headphone, or .other 
such device. ^ 

Practically all the selectivity of 
a superheterodyne receiver is " 
' determined by this stage^ supple- 
mented by/ some selectivity provided 
by another amplifier stage. 

0, The sensitivitiy of a receiver is 
accomplished priniarily in this $tage 

E, It is 'especially important at this; 
srtage to output an-adequate signal 
with a high signal-to-noise ratio 

, so that it can be picked up in the 
noisy stage ahead. 

F, Tflis stage is called the preselector 



List 2C,- 

^ In questions 2-70 through 2-72, select 
• from list 2C the description or 

characteristic that matches the receiver 

stage named, ^ - 

2-70. AF amplifier 

1. 'A ^ 

2. B only 

3. E only 

4. B and E 

2-71. IF amplifier. 

1. C . ' 

2. D 

3. E ' , 

4. F 

2-72, RF amplifier 

1, A, D, and f only . . 

2^. B ai^nd C only 

3, B, C, and E 

4. A, D, E, and F 
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F. 



Small voltages developed in this 
stage by the RF signal are sent to 
frequency-selection circuits for 
acceptance or rejection. 

-From this final stage of the super- 
heterodyne receiver the signals 
go to a speaker, headphbne, or 
other such device- 

' . * * ■ 

This stage generates , the majority 
of the receiver noise because of 
the Input of voltages that.dlffer 

frequency and-jihase from existing 
voltages. ^ 

The* function of this stage is 
frequency conversion by heterodyne 
actio^ ^ 

A/signal, the frequency of which Is 
a specified frequency deviation 
from the incoming RF signal, Is 
generated here. , 

At this stage a reproduction of the 
original AF modulation Is recreated 
■ from the IF s1gna¥. 



% In questions 2-73 through 2-75, select 
from list 2D the description or 
characteristic that matches the receiver stage 
named. 

2-73. Detector * 



2-75. 



1. 
2. 
3. 
4. 



B 
D 
E 
F 



2-74. Local osci 11 aitor 



1. 
2. 
3. 
4. 



only 
only 



C and E 



Mixerj' 

1. A and 

2. A and 

3. C and 

4. -^ F 



List 2D. 



Lj 
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Assignment 3 



Basic Receiver Theory (ContlnuedV; Basic An tenna Theory; Radio Wave Propagation 
Textbook Assignment: Pages 83-115 



X 



3-1. 



3-2. 



Learning Objective: (Continued) 
'Describe the various sjbages of 
a receiver. 



I^you change the setting of the receiver 
to receive RF of a different frequency, 
how Is the frequency of the local 
oscillator adjusted so there will still 
be the same Amount of difference in 
frequency between them? 

1. The tuned circuits of the RF stage 
and the local. oscillator are 
connected to the same tuning shaft 

2. When the RF signal changes frequency, 
a red frequency syrlfchronlzation / 
light comes on, and remains on 
until the "Osc Tune Knob" on the 
front panel is properly adjusted 
(manually) 

3; There is* a feed-back circuit from 
the RF tuned tanks to the local 
oscillator circuit. Any change in 
frequency causes an electronic 
adjustment to be made 

4. The operator should press the black 
button on the pa^nel and hold it in 
for five seconds. This will initiate 
an electronic adjustment 

Why can the tuned circuits in the IF 
amplifier stage be permanently adjusted 
for optimum gain and bandwidth 
characteristics, but those in the.RF 
amplifier stage can NOT? 

1. Because the signals present in the 
IF amplifier stage are of lower 
frequency than those in the RF . 

' amplifier stage 

2. Because the signals present in the 
^ IF amplifier stage are of higher 

frequency than those in the RF 
amplifier stage 

3. Because the IF amplifier operates at 
only one rfi^equency , and the tuned 
circuits of .the RF amplifier stage 
are variable 

4. Because the RF amplifier operates >at 
only one frequency, and the tuned 
circuits of the IF amplifier stage 
are ^^ariable ^ 



Wha-t Hypes of signals are (a) the Input 
to and (b) the output from the detector 
or demodulator stage? , 
1. (a) An amplified IF signal, 
(b) a small AF signal 

(a) A small IF signal, 

(b) an amplified AF signal. . 
'a) An amplified RF'slgnal,. 

b) a small ,IF slggal 
,a) A small IF signal, / 
(b) a small RF signal <\ 



3-4. 



To what stage o^^ the receiver does the 
signal go from the detector or demodu- 
lator? 

1. The IF amplifier 

2. The AF amplifier 

3. The RF amplifier 

4. The final tij[ning circuit ^ " 



Learning Objective: Distinguish 
among various control circuits 
in a receiver,, and give a 
general description of their , 
operation. 
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^ If a receiver haxi NO control to compen- 
sate for the variation In strengths of 
signals it receives, there would be a corres- 
ponding wide var1$ition of volume In receiver 
output. In addition, very stropg signals would 
overdrive thrRF^ stage, and the output would 
, be distoffed and difficult t(jt,understand. 

3-5.' One way the problems connected with the 
varied strength of incoming signals 
could be overcome is by adjusting the 
manual gain control (MGC) labeled 
^ "MANUAL," "MGC," or "MANUAL-GAI-NV oil the 
panel. What normally happens lat^prnally 
when this knob is turTied? 
K The amplification factor of the AF 
stagfe is varied 

2. The strength of the signal from the 
local oscillator to the mi^er is 
varied 

3. -The amplification factor of the RF 
stage Is varied 

4. The strength of the IF/slgnal from 
the mixer is varied 



3-6.- 



3-7. 



The automatic gain con\ol (AGC) works 
somewhat dIfferenMy frdn the MGC. How 
does the AGC work? 

I* A proportional amount^of the incoming 
RF signal is sent to the IF amplifi- 
cation stage where it att^nua-tes 
(weakens) the signals indirect" 
proportion to their strengths, 
2. A capacitive/inductive filter, inser- 
ted at the output of the RF amplifi- 
^ -cation stage, attenuates, in 

proportion to their strengths , all 
signals with amplitudes exceeding a 
* set amount • 
3* It' filters and feeds a proportft»nal 

part of the d.c. component of tfie 
, output of the* detector stage rwwfch 
varies as the strength of the signals 
.received, to each of ,the preceding 
. 'stages to attenuate the signals in 
(proportion to their strengths 
4". A-capacitive/inductive filter,, 
inserted at the output of the AF 
ampli fication' stage, atteptuates, in 
proportion to their strengths, all 
^ signals with amplitudes exceeding^ 
a set amount 

How does the' action of the delayed gain 
control differ from that of the AGC? 
1- The primary difference is that in 

delayed gain control there is a slight 
delay (measured in nanoseconds) after 
the "initiating signal triggers a 
response 

When delayed gain control is used, 
attenuation occurs one stage later 
than when' AGC is used 
When delayed gai'n control is used, 
attenuation occurs two stages later 
than when AGC is used 
When delayed gain control is used, 
no degenerative feedback 'is developed 
if the signal strength is less than 
a certain value 



3-9. 



2. 



3 



3-10. 



3-il. 



3. 



What IS the purpose of the squelch, also 
called the noise-silencer, noise-suppres- 
sor, and noise-limi'ter? 

1. To attenuate very strong signals t« 
J order to prevent their overdriving 

the remaining stages in the receiver 

2. To suppress receiver noise, output 
when no input signal is being received 

3. To suppress the electronic "whineV 
of the RF simplification stage ^ 

4. To reject signals of oth^r than the 
desired frequency should the receiver 
drift off frequency 

How^is the pgrpose of the squelch 
accomplished? 

1. 3y proportional blocking of*the RF 
amplifier stage output 
By blocking the detector or audio 
amplifier when there is no signal 
By the insertion of an inductive/ 
capacitive filter at the output of 
the last RF amplifier 
4. By iftserting a matched- frequency 
stage which passes matching 
' frequencies and rejects all others 

What is the purpose of the automatic 
frequency control '(AFC)? 

1. To cause the' frequency of the local 
oscillator to change in proportion 
to that of the incoming RF signal 
when the op'erator changes receiving 
frequencies v 

2. To notify the operator of a 
variance in the- IF s^nal 

3. To notify the operator if the 
frequency selected is outside the 
range of those designated for use 
by the Navy 

4. To maintain a constant frequency 
separation between the carrier and 
l(fcal oscillator despite drift of 
eitlier or both 



3-8. 



What is the purpose pf the beat frequency 
oscillator (BFO)? 

1. To make it possible to have an AF 
output from a received CW signal 

2. To attenuate very strong signals to 
prevent their "overdriving later 
stages of the .receiver 

3. To perform an Important step In the 
process of separating one sideband 
frftm the rest of the signal 

4. Tp. provide regenerative feedback In 
oytler to Increase the sensitivity 
of the receiver 
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3-12.- What Is the method by which the purpose 
bf the AFC is accomplished? 

1, A discriminator circuit senses any 
change in IF, produces a d.c. voltage 
'equivalent to the frequency^;shiff , 
and .feeds this vo.ltage to a.Jreactance 
circuit, which then Causes the local 
oscillator to change frequency 

2. When a new frequency is selected-on 
the panel, a small voltage is fed 
from the amplifiers in the preselector- 
stage to both the^detectpr stage -and 
the local oscillator, thus causlHig 

* ' a realignment of lotal oscillator 
frequency . ' 

-» 3. If the IF varies, a small voltage is 
/ tnduted in an aux-1liary circuit, which 

then causes a red signal light on the 
panel to come on 

If the frequency is outside authorized 
limits, a small voltage is induced in 
an auxiliary circuit, which then 
causes at red signal light on the 
panel to come on 



3-13. 



Learning Objectiv^: Explain 
some of the /principles, 
prt)cedures, andtvterms 
associated with the tuning 
of antennas. 



2. 



3. 



3-14. What term, when used to descr1l?e an 
antenna, means that 'the antenna^is 
matched to' the operating frequency? 

1. Harmonized 

2. Synchronized 

3. Resonant ^ 

4. Polarized 

3-15. When the length of an antenna is optimum 
for the operating frequency, what is the 
^ • -relationship between capacitive and 
incfuctive reactance?- 

They equal each other 
The value of X< is twice that of Xq 
The differenced n value between 
capacitive and V\nducti ve reactance 
is at its maximum*, with capacitive 
reactance being the stronger | 
The difference jn value between 
capacitive and inductive reactance 
4 is at its maximum, with inductive 
reactance being the stronger 
V 

3-16'^ If four standing-wave ratio (SWR) 

readings are 2:1, 3:1, 7:1, and 9:1, 
which of the readings, indicates the best 
SWR? 

1. 2:1 • 

2. 3:1 

3. 7:1 

4. 9:1 .• ' I 



Varying operafting frequencies require 
varying antenna lengths for- optfmum - 
radiation. As it would NOT be practical , 
■to try^to have a separate anteana for 
each operating frequency, how is this 
requirement usually met? 
1. A stock of about six antennas .of 
different leagths is maintained for 
each piece. of communication equip- 
ment, and the one that most nearly - 
matches the operating frequency^is 
used 

An antenna coupler changes the elec- 
trical length of the antenna in order 
' >to tune it to the. operating frequency 
' Each p.iece of communication equipment 
is locked to one operating frequency 
and is ^ juipped with an antenna 
specifically selected for that 
frequency 

Antennas with telescoping arms are 
used,/^ their lengths are physically 
chartfed as the operating frequencies 
are 'changed 



. 1. 
2. 
3. 



4. 



Learning Obje:ctive: Define or 

state terms a^ociated with the , ' , 

signal input point and the J 

characteristic impedance of J 

an antenna, and state the I 

relationship between frequency 

and impedance. 

3-17. The RF> cable from the. transmi tter may be 
connected to the eod or center of the 
antenna. What is the term for .the point 
df connection? 

1. - Signal point 

2. Roint of characteristic impedeice 

3. Point of resonance 

4. Fee'' point- 




2, 



3, 



3-18, What is^meantby the" characteri^1(^ 
impedance of an antenna? ^ 
1, The ratio of the inductive reactance 
. to the capacitive reactance when the 
antenna ,is properly tuned 
The ratio of the cap'acitive reactance 
to the inductive reactance when the 
antenna is properly tuned 
The ratio of the overall resistance 
of a particular antenna to the 
resistance of a standard antenna of 
pure copper of specified dimensions 
4, The amount of resistance the antenna 
is designed to offer when it is 
properly tuned 

3-19. As the frequency in a circuit increases, 
in, which direction do fa) capacitive 
reactance and'^(b) inductive reactance 
Vary? 

1. (a) Increases, (b) 

2. (a) -Increases, (b) 
• 3. (a) Decreases, (b) 

4.. (a) Decreases, (b) 

■ . — ^ 



3-25. 



3-26, 



decreases 
increases 
decreases 
increases 



Learning Objective: Demonstrate 
., the relationship among frequency, 
/ wavelength, and antenna length. 

3-20. If the operating frequency is 146^MHz, 
what is the approximate wavelength iw 
-feet? 
1. 2.05 ft 
2^. 6.74 ft 

3. 2,054,794.52 ft 

4. 6,739,726.03 ft 



3-24. When antennas are less than one wave- ' 
length from the ground; horizontally- 
polarized waves yield a.strcyiger signal 
close to the earth than do veiPtically- 
polarized waves . 

Horizontally-polarized anterinas should • 
be used for reception of vertically-" 
polarized waves, whenever possible . 

Of what characteristic is the sharpness 

or narrowness of tt)e radiation pattern 

of an antenna a measin^e? • 

I 1. Sensitivity \ 

2. Selectivity 

3. Directivity 

4. Polarity 

H Us^ the following as the alternatives 
for Questions 3-27 through 3-29. Select 
the response .that correctly states the number 
of directions in which the specified type of 
antenna radiates or receives effidiently^ 

• • ■ J '(2 

One direction only "tf 
Two directions only 
A^Vl directions* except off of the ends 



/ / 
3-21. 




What should be the physical length, "in 
feet, of a half-wave antenna transmitting 
at a frequency of 500 MHz? 
0.935 ft 
4 ft 
1.390 ft 
1.968 ft 



Learning Objective: Point out 
some of the basic principles 
concerning wave polarization, 
directivity, and fie^^djjiten- 
sity of antennas. 




0 JudgeVWhetfier questions 3-22 through 
3-25 fegarding polarization of antennas 
are True or False. 

3-22. A vertical antenna radiates a vertically- 
polarized radio wave. 

3-23. The electric field around a vertical 
antenna is vertical. 



f 
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1. 



3. 



4. All directions 
3-27. Omni^TrectTbnal ^ 
3-28. Unidirectional 
Hrectional 

Describe the standard antenna usetd as a 
reference when field intensity is being 
measured . 

1. Parabolic antenna, exactly or.p meter 
in diameter 

2. Parabolic antenna, the radial of 
which is exactly one meter 

3. Standard wire antenna, exactly one 
meter long - 

4. Standard center-fed wire antenna, 
exactly two meters lon§ (one meter 
from center connection to antenna 
end) 



Learning Objective: ^int out 
relationships among current, 
resistance, and radiated 

__powe rt aiM among, incident 
waves, reflected wdves, 

' and SWR.I. , > ' 



^ Refer to' figure 3A, a resonant half- 
wave antenna, when answering ^questions 
3-33 through 3-35. 



«-/3-33. 



3-31. 



If the current fed irjjto an antenna is 
S amperes and the radiation resistance 
1$ 4 dhms, what is the value of the 
power being radiated? 



2. 
3. 



20 W 
^ W 
100 W 
400 W 



• 3-34. 



3-32. 



When the antenna is in resorfence, what 
Is the relationship. among incident waves, 
reflec ted wa ves, and standing wa^e ratio 

1. The incident w*ves and reflected 

waves, being in -phase, reinforce each 
other and cause the SWR to be better 
The incident waves and reflected 
waves, being out of phase, tend to 
pancel each 'other out and cause the 
SWR to be pbHirer ^ 
At resonance, the incident waves 
/disappear; therefore, the rpf^pcted 
waves are neither reinforted i 
canceled, and the SWR is, unaffected 
At resonance, the reflected waves 
disappear; therefore, the ' 
waves *re neither reinfort 
canceled, and --^ SWR is urn. ( i ecied 



2. 



3. 



4. 



Which, if any, of the following is-the 
electrical length of the antenna from 
point A to point C, relisftive to wave- ^ 
length? - « 

1. One-quarter wavelength (a.c. must^ 
travel this distance twice each 
half-wave) * ^ . , 

2. One-half wavelength 

*3. One wavelength '(one-half wavelength 

from the center tp each end) 
4. None of the above » 

- ' " ^ ' ■ 

In what direction(s) doe? the current ^ 
flow? . ^ 
Alte»:nating C to A, A to C, etc. 
"Alternating center^to ends, ends to 
center, etc. / 
' Center to ends {j/lo reversal) 
Pulsing current from the centeit*to 
tfie ends alternating' with periods of 
no current 



1. 
2. 

3. 
4. 



-35. 



Learning Objective: Explain 
some general principles of 
half-wave antenna' theory. 



— oooh: 



D— OOCH- 



TRANSMISSION 



Figure 3A. 



At point B, what is the degree of current, 
vojtage, and impedance? 

1. Current jfinimum, voltage maximum, 
^ ^ impedarjce minimiim C\ 

2. Curreru nriaximum, voltage minimum, 
impedance minimum 

J, Current-maximum, voltage minimum^ 
\ ^impedance maximum 

jrrent mi 'mum,- vol tage maximum, 
I - ' mum 

3-36. Which 0* the following statements 

relating to the radiation pattern of a 
dfpole antenna is correct? 

1. The degree of radiation is tRe same 
in all directions with no exceptions 

2. Radiation occurs only in a plane 
perpendicular to the axis of the 
antenna 

3. Maximum radiation is in a plane 
perpfndicula^ to the axis of the 

, antenna; minimum radiation is from 
the ends of ^ antenna 

4. Minimum radiation is in a plane 
perpendicular to the a>(:is of' the 
antenna; maximiJm radiation is from 
the ends of the antenna 
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Learning Objective: Explain 
some general principles of 
quarter-wavet^ntenna theory. 



3-3X. You were told in half-wave theory. that a 
half-wave antetina Is the shortest 
V>^act1cal length for the propagation of 
radio waves. How, thfen, can a quarter- 
wave antenna be used? j 

1. A special capacitor/Inductor circuit 
/at the point of signal irjput to the 
antenna, doubles the electrical length 
of the antenna 

2. The quarter'-wave antenna has, -ulthin 
a fiberglass sleeve, an insulati)r 
wound with the amount of antenna 
wire r^eq^ired to cause the antenna ^ 
to achieve half-wave characteristics 

♦ 3. ,A mirror-image of the same length 

as the antenna appears to reflect ^ ' 
from the gV'ound, causing the antenna, 
to achieve half-wave characteristics 
4. ,.A quarter-wave antepna has within it 
. a layer of heat-sensitive oxide which 
responds to' the input of current and 
causes the antenna to acNieve half- 
wave characteristics ^ 

3-38. How much field strength variation, if 
. any, is there at different points of the 
resultant field surrounding an operating 
quarter-wave antennat ' - ^ 

1. There is considerable variance because 
of wave reinforcement arid cancfellation 

2. There is consider^fbl^ weaknes*fi 
.directly above the antenna end, but 

very little variance elsewhere 

3. There is only a Sliqht amount of 
variance 

4. There is no variance, as an electronic 
control compensates for any potential 

^ variance which might be caused, by 

wave reinforcement and cancellation 



Learning Objective: Define 
dHfraction; reflection, 
and refraction. 




In questions 3-39 through 3-41, select 
froms column B the -term best defined by 
the^definition in column A. ^ 



3-39. 



3-40. 



3-41.- 



A. Definitions 

The bending of a 
wave around a solid 
object 



The bending 
a wave when it 
enters a mediiim 
of a different 
density • ^ 

The bouncing back 
of a -Wave from a 
relatively smooth 
surface which is 
larger^than the 
wavelength of the 
incident wave 



B. Terms 

1. Diffraction 

2. Reflection 

3. Refraction 

4. Retrocession 



r 



3-42. 



3-43. 



Learning Objective: State the 
correct sequence of the three 
regions of the Earth's 
atmosphere, and identify some 
of the characteristics of 
the ionosphere and troposphere. 



What is the correct sequence, from' the 
' Earth outward, of the three regions of 
the Earth's atmosphere? • • 

1. Ionosphere, stratosphere, troposphere 

2. Troposphere, stratosphere, ionosphere 

3. Stratosphere, troposphere, ionosphere 

4. Troposphere, ionosphere, stratosphere 

To what degree do variations in the 
properties of humidity, temperature, , and 
pressure^ respectively, cause refraction 
of the radio waves in the lower 
troposphere? 

A. To a negligible degree 

B. To a moderate degree -- measurable, 
but qf little real significance 

C. To 'a significant degree 



Humidity Temperature Pressure 



1. 

2. 
3. 

4. 



/ 
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Learning Objective: State ; 
(V ijthe^terms used to designate 
• the areas from the outer 
limit of the ground wave 
to the. first returning 
. sky watve and frem the 
- ; ^ransmitti^r to the first 
A ' returnlnj) sky wave. 



, ^IONOSPHERE 

em'-'" 4sSy^ X 






'j\ - b 


^ 0 ^ 










/■ . 







3-45. Forward propagation tropospljeric., 

scatter communications is made possible 
% because of ±he reflection and refraction 
^(scattering) beyond the h'ori?on. What 
conditions \:aase the ^-cattering? 

1. The rarefied air and partial vacuum 
present in the troposphere / 

2. The characteristic quietness and 

1 ' extreme constancy of the troposphere 
t 3. The high number of iotiized particles 
^ ^ in the troposphere, nwre character- '/-^ 

fstic of this atmospheric layer . x 
» ' than otKp.rs j 

4. The turbulenceNcharacterlstic of 
^this atmospheric layer 

3-46. Whattype(s) of j(a) transmitting and 

(b) recen-ving antennas, res4)ect1vel^, , 
are used in the process of forward ; 
propagation tropospheric scatter 
communications? r 
f 1. Both (a) and (b), parabolic 

2. Both (a) and1(b); horizontal dipole 

3. '(a) Vertical dipole, (b) parabolic 

4. -(a) Parabo*11c, (b) horizontal dipole 



Figur«? 3B. - Ground waves/sky waves reaching 
Earth. 

^ In answering question 3-44, refer to 
^ figure 3B. 

\ 

3-44. What terms are given to the areas/ 
labeled "A" and "B," respectively? 

1. Skip zone, skip distance 

2. Skip interval, skip horizon 
^ • 3. Skip interval, skip dlst^e 
* ' 4. Skip distance, skip zone 



Learning Objective: Point ouK 
some of the causes Qf and jy 
procedures and, equipment 
rel.atejl ^o forward propa- 
gation tropospheric scatter. . 



7 ■ 



3-47, 



A. The scatter angle .increases . 

B. The scatter angle decreases. 

C. The amount of received energy 
. Increases . V/^> 

D. i"he amount of receivejl ene»*gy, 
decreases. , 



E. The amount of .turbulence arouhd the 
signal increases. \ 

F. The amount of turbulence around the 
signal decreases. 

G. The amount of turbulence, ^being 
negligible in this layer, remains 
the same . 



, List 3A. 

Use list 3A in answering question 3-47. 

Which of the preceding conditions occur 
as a result of an Increase in the height'* 
of the scatter? 

1. . A, D, F ^ 

2. A. D. G 

3. C. E 

4. B. C.'F^™-*-^-^*'''*"^ 
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3-48. 



3-49. 



What level of transmitter power fnd 
antenna sensltivity^ are general iV used 
for '.the process of tropospheric sMtter 
operation? 

1. High-power transmitters, high-^jain^ . 
' . transmitting antennas, and very X 

sen^^itive receiving antennas \ 

2. Medium-power transmitters, , medium- 
gain transmitting antennas, 
receiving antennas of 'moderate 
sensitivity 

3. Low-power transmitters,' medium-gain 
transmitting antennas,* vqry • 
sensitive receiving antennas 

4. High-power transmitters, high-gain ' 
transmitting antennas, recei^Jjig 
antennas of low to moderate' 
sensitivity 

Which of the' following is a problem 
encountered when tropo-scatter is 
employed? ^ - 

1. Operation can be conducted effectively 
only from sunset until sunrise 
In^^the northeriV^Qmis^ihere, operation 
can be conducted enectTv?Ty^nly 
during winter months f ^ 

The signal level is subject to rapid 
and continuous change because of , 
changes in atmospheric conditions 
Tropo-scatter is essentially short- 
range, and; because oV phase 
reversals of the refracted wav^s, 
there is no way to aTdd range -by the 
use of signal amplifiers at 
additional relay stations 



To answer questions 3-50 through 3-53, select 
from column B the ionospheric layer to match 
the description shown in column-A. 



A. Descriptions 



B. Layers 



'3-50. Composed of patches A. 



^ of ionized atmosphere \ 
'that occur erratically 



and ^ffect signals 
sigrfificantly 



y^2. 



D layer 
E tayer 



3-51. 



.3-52. 



2. 



3. 



4. 



Present only dCr.ing 
the daytime. Ioniza- 
tion is rel^a^tively 
low. /Affects signal 
little except for 
absorbing Energy 
from the passing waves 



During dayl ight hours 
this layer ,is -divided 
into two layers; then 
shortly after sunset 
it again becomes one ; 
layer • 



3. . Sporadic 

4. F. layer 



3-53^ 



Present at night, but 
stronger during the 
jday, a^ strongest at 
aboOt mid-day. Of 
great impprtance to 
daytime transmissions 
up to 1,500 miles 



Learning Objective: Describe 
ionospherip hyers D, E, 
sporadic t, and F. 



Learning Objective: Diffejcentiate 
among various components of 
\^ ^ radio waves. 

— ^ £ " ^ 

^3-54. What are the two major components of a 
-^adio wave? 

1. Sky wave and direct wave 

2. ' Sky wave and ground Vrave 

3. Spac^ wave and ground w.ave 

4. Space wave and surface wave 

3-55. What are the two components of a space 
wave? n 
1 1. Direct waVe/and ground-reflected 
wav.e \ / - 

2. Direct wa\^and surface wave, 

3. Sky wave ancksg-urface wave ^, 

4. Sky wave and ground-reflected wave 



3-56. 



What are th^ two components of a ground 
wave? *' 

1. Refracted wave and space wave 

2. Direct wave and surface wave 

3. Surface wave and sky wave 

4. Surface wave and^pace wave - 
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• tHht pStfi twi hM • nngt limited to 
V tht dittarict to tht hortion plus a small 
d1tt*nw.»rouf« thi curvature of the 
earth emd by atmospheric diffractjon 
of the Wave? 

I. fifound-reflected wave 
Z\ Suffice wive 

3, Direct wave 

4, Sky wave 

• ' * 

3*68. 4lt tvp^ of wiTve fljay be *^^':«cted fran 
the Ionosphere and returned to Earth far 
from the transmission point? 

1. around wavr 

2. ^ Space wave 

3. ^ SKy wave 

4. Surface wave J 

' 3-59. Whtt type of wave undergo* a phase 
reversal and can cause an undesirable 
cancellation of signal by arrivihg at 

• the receiving antenna approximately 
IflO* out of phase with the direct wave? 
IN. Ground- reflected w^ve ^ 

2. Surface wave 

3. Sky wave 

'* '4. Ionospheric wave 



Learning Objective: Define 
"FOT" and "MUF." 

3-60. What does "FOT" mean, as defined in your 
textbook? I ■ - 

1. Fast overseas 'transmission, a term 
used'to describe long-distance, 
communications by ionospheric 
refractiop 
'2. FrecJUertCylW^timum transmission, 
the most- remtJljfr frequency to use 
for transmission at a specified time 

3. Flip-over transmission,^de§criptive 
^ of ground-reflected signals that 

undergo phase reversal (as they are 
reflec^d ^ 

4. Fade out ^rouble, a ter ^ 
connection with a standa 
of reporting, on a scale 
the degree of trouble' 
time due to fading cau 
arriving out of phase 



used in 

system 
if 1 to 5, 
ied 

fnals 



speciJ 



3-61/* Frequency tables are compiled which 

contain predicted maximum usable frequen- 
ci^ (MUFs) for every locality from which 
transmissions will be made. What Is an 

1.. The- maximum frequency standard Navy 
receivers in that locality are 
designed to receive • 

2. The maximum frequency that may be 
used at specified times at that 
Jocality because signals of a higher 
frequency are subJLect to penetratlhg . 
the ionosphere and nof returning to 
Earth 

3. The maximum frequency that is 
allocated by FCC for Navy use at 
that locality . 

4. The maximurt frequency 4flat will 
produce a usable scatter pattern 

in the troposphere in that locality 



3-62, 



Learning Objective: Explain, the 
reason for multipath fading and 
the mCTning of the term "selective 
fading." 



Why does multipath fading occur? 

1. Some of the signals are segmented 
when they penetratp the troposphere, 
refracted from the ionosphere, and 

' then merged together, out of phase-,^ 
as they return through the tropo- 
sphere , 

2. Two or more transmitters are located 
very closely together, causing the 
paths of thei.r signals to converge 

> and sometimes ^rfoss, partjaTly ^ 
canceling each other out 

3. Signals traveling from one 
atmospheric layer to another tend ^ 
to change frequency slightly and ar^ 
not heard well Cif -at all) at the^ x 
receiver because they are off 
frequency ' 
Signals from the same site go to the 
receiver by different paths (ejg., 
direct, single hop, ^uble hopT, and 
arrive in^ varying phaV relatitTnships 



4. 
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-U: What f$ liUctive fading? 

1, The condition resulting when the 
various component^ of a, wide-band ' 

' ■ *wave# being at different frequl^ncles, 
travel d1fferentM)aths to the 
receiver and aVrlVt with dlffere^^t 
phase relationships and different 
relative amplitudes 

2, A term used In connection with' the 
^ segments of time of day or night 

that fading Is most likely to occur 

3, The Inability to receive certain 
frequencies with ^stanckrd^Navy 
receiver. This is a characteristic 

'Of the hardware, and the blocks of 
canceled frequencies will differ 
from receiver to receiver f 

4, A flutter in the incoming signal 
caused by regular recurrent fading 
of alternate RF waves 



Learning Objective: Name the 
types of periodic variations 
that occur in the ionosphere. 



A. Changes within an individual day^ 

B. Seasonal changes 

C. Sunspot -cycle variations 

D. Variations due to phases of the moon 



L'ist 3B. , 

% Use list 38 in answering question 3-64. 

•64. Select from ihe^precefling list the 
periodic variations that exist in 
' the ionosphere. 
X 1. A, B, C, and D ^ 

2. A, B, and C only 

3. A and B only 

4. B only 



\ Learning Objective: Describe 
characteristics of the MFt HP, 
UHF, and SflF/EHF bands'. 



To answer questions 3-65 through 3-68, select 
from* column B the frequency band that matches 
the description given In column A, 



A,' Descriptions 

3-6S. This is the principal ' 
band for shlp-to-sHore 
communications. It 
utilizes the iono- 
spheric refraction for 
long-range communica- 
I tions 

3-66,, Diffuse reflection 

is quite prevalentv^ 



B, Bands 

1, MF ' 

2. HF • 

3, urtF . I 

4. SHF and EHF 



v 



Much of the' incident 
radiation is abso»*bed. 
Even raindrops can cause 
scattering and absorption. 
Satellite communicatioa> 
systems operate at this ' 
frequency 



3-67. 



3-68. 



The Navy makes short- to 
moderate-range transmis- 
sions In the lower part V 
of this band, and moderate- 
range transmissions In the 
upper part. Commercial 
broadcasts are transmitted 
at mid-band 

Nearly all the pnergy 
transmitted point-to- 
point in this band ' ^ 

. travel Sc/^n a curved ^ 
path in thfe troposphere, 
extending beyond the 
horizon, and can go 
farther still by tropo- f 
spheric scatter. There 
IS some, trouble with 
fading 



X 



32 



4 ; 0 



r 



Asjsigiinient 4 



VP 



||8ldTest;'EQulDBient; System Diagnosis and Quality Assurance 
■'ttxtbook Pages 116 - 153 ' - 



Learning Objective: Describe 
Ithe projjer' care, use, and 
handling of test equipment. 

■ ^ Judge questions 4-1 through 4-4 as 
^ True or False, In respect to the care, 
US«t and handling of t^st equipment. 



4-1. 

4-2, 

i 



4-5. 



Nearly aU test equipment Is rugged and 
durable and requires NO special care 
except to ensure that It Is NOT left 
outstde, exposed to elements of weather, 

A common caus^ of me^er damage ^s the 
selection of the Imp^roper meter range, 
and the subse*quent attempt to measure 
a higher, level than the meter was 
designed to measure. 

Test sets should be stowed in a'dry^ 
pTace, dust covers should b^ on^^nd, 
aboard ship, IcjCkers containing test ' 
equipment should be padded to prevent 
damage which, coufld ocpur when the ship 

"^olls or pijxties. ; • t 

.<* ■ * . 

Careless stijwj'^fe of cables and- 
accessor1e$Vm^y lead to inaccurate 
measurements 't^cause of resultant 
changes In' cablii'Characteristics , 
5hort circuits, etc. ^ 

Which of the following statements con- 
cerning the relationship between test 
equipment 'meters and magnets is correct? 

1. on a weekly scjiedule, each meter must 
]))e "zeroed" by* holding a strong mag- 
net close to it briefly if maximum 
meter accuracy is to be maintained 

2. On a monthly schedule, each.^meter 
must be "zeroed" by holding a strong, 
magnet close to it bri^y if maximum 
meter accuracy is to be^ maintained 

3. Test equipment meters should be kept 
away from strong magnets 

A,^yH1agnets have no effect on test ^ 
equipment magnets 



Learning Objective: Identify 
the categories of maintenance 
associated with, stated 
functions. _ 



4-6. What Is the name of th^ category of^^^ 
maintenance that- Includes, the foil (^frlnf 
actions; making routine checks to be 
sure the equlpment-ts working properly; 
visually inspecting equipment components 
and wiring for damage'aVid wear; performing 
periodic lubrication; arid perfonjiin^ • 
' component adjustment? ' — ^ , 

^1. Passive ^ 
"2. Active 

3. ' Preventive " 

4. Corrective , , 

4-7. ^What is the name of the category of 

^maintenance that includes the following 
, actions: Isolating equipment tr^ublesi 
replacing defective parts; andj^^^aligning/ 
readjusting equipment so that jt)W>ll 
. again perform properly? / 
1. Passive , ^ 
i. Active 

3. Preventive 

4, Corrective 
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learning Objective: E;(p1a1n 
the reiBSon for a difference^ 
In the amount of current /' 
before and after a cable 
Is rep1(|ced; Identify those 
characteristics for which a 
match Is important between 
a test set and the equip- 
ment to be tested. 



4-8, As RM3 Jernigan was beginning to measure 
the turrent at a certain point on a 
place of radio equipment* he noticed 
that the insulation 'tfh the test set 
^ . cable had a gash in tt, exposing the 
Bare wire. He then took a somewhat 
V similar cable from his vtork jdrdiHg^ 
and i^placed the defective. oneJ^he 
current reading he then obt^in^Hn a> 
circuit differed from the readrng shown. . 
in the technicarmanual , aplthough it had 
checked out well the previous day. The 
facts given woula indicate what 
probable reason for this^'tleviation? 
1. ^ He ha6 set the meteri range marker 

incorrectly 
Z. He has failed to position the 
replacement cable correctly br 
tighten it securely 
Y , 3. , Thtf substitution of the c^e- caused 
a mi smatch of Impedance /between the , 
test equipment and the Equipment 
under test * - / 
4. The defective cable aWowed an excess 
of current to flow and^ be stored in * 
. a capacitor. This current Is now 

^ ^ . gradually leaving the capacitor and / 
flowing with the normal 11 ne current 

4-9. In what basic areas must consideration 
be given to the compatibility of the 
test equipment and the equipment under 
test? . ^ 
1.' Impedance matching and frequency only' 
2.. Frequency ancl amplitude only ^ 

3. Impedance matching, frequency ,« and 
amplitude only 

4. Impedance matching, frequency, 
(amplitude, and polarity 



To answer questions 4-10 through 4-13, select 
from column B the nueter control switch to match 
each of the ^f unctions in column A, (Alterna- 
tives may be selected once, more than once, or 

..!4QT at,aU.)„- * 



4-10. 



4-11. 



4-12, 



4-13. 



A. Functions , 
« 

To select various 
. voltage or resis- 
tance scale values 
to be measured 

Noffnally to turn 
the meter on or off 

Tq set/^he meter 
pointer^at zero, 
mid-scale, full- , 
. scale, o^ at any ^ 
other value desired 

To select the/type 
of meter operation * 
desired ' 



1-14. 



Learning Objective: Identify' 
the functions of specified 
meter control switches. 



B. Switches 

1. Function switch 

^2. Range switch 

"=3. Min/Max Varia- 
tion switch 

,4. Zero Adj switch 



Learning Objective: Identify 
test equipment familiarization 
procedures, if any, and 
distinguish among procedures 
for measuriog capacitance, 
current, in^luctance, resis- 
tance, and voltage. 



What type of instruction, if any, should 
you receive before tak4hg measurements 
yrfith a type of test set with which you 
are NOT familiar? 

1. You should ask a nearby co-worker tp^ 
tell you how to us^it 

2. You should take time to familiarize 
yourself somewhat with the set by ^ 
lookfng at the controls and meters 
and Veading >*hat they say. Then, 
using your pas.t experience (if any) ' 
with other test equipment, you should 
go ahead with your measurement^ 

3. You should^ study the technical manual 
for this test set if it is available. 

' If NOT, you should be instructed by 
your work center supervisor 

4. None. You are encouraged to go ahead 
on your own and learn by trial and 
error 



V 



34 

412 



To answer qutstions 4-15 through 4-18, select 
from column B the type if check that matches 
the corresponding, description in column A> | 

A/ Descrviptions 8. Types of Check ' 



2. Current (#eck 



4*15.., Seldom taken in 1. Capacitance 
^ preventive or ' check 

* corrective main- 
tenance. Can be 
taken by using a 

test set that is ^ i. Inductance 
. '^dntended primarily check 

for measuring a 
' different property. 4, Resistance 

Sometimes a con- check 
•aversion chart is 
•'required ^ 

♦ 4-16. Very valuabje in 

determinin^.Qverall 
stage efficiency. 
Measures dielectric 
strength 

4-17. Usually a valuable 

aid in locatirf^ trouble 
during corrective main^ 
^ tenance. Many Swinte-^ / 

^ nance handbooks contain 
charts which indicate 
. the test points (usiialty 
tube sockets) ' ' 

4-18. Rarely^ taken 1n preventive 
matntenance or testing, as 
unsoldering is'usua^ly 
requjl^red for test. *^Usual]y 
x~0ttlii*s (Law is'applied to 
( detennine the value ^of this 
projjffrty^ which in most 
circuits is quite small 



A.eart;^g Objective: Identify 
ind.eJ^plain the purpose and 
yse of various test equip- 
ments.' 



4-19. 



Most meters^are designed to be able to 
measure mora than' one electrical 
quantity. -What are such meters called? 
1'. Omnfmeters 

2. Diversimeters 

3. Multimeters 

4. Varimeters 



4-20. When you are measuring current with an 
ammeteic/ should yOu connect the ammeter 
in series or in parallel, and what shoulj 
its polar4'ty be in relation to the 
direction of current flow? 

1. In parallel, with^ the current flowing 
into the negative terminal \ 

2. In parallel, with the current flowing 
into th^ positive terminal » ' 

3. In series, with the current fl6wing 
into the negative terminal , 

4. In series^ with thp current flowing y 
into the positive term'^nal ^ / 

4-21.'', If the current to be measured with a 
'meter exceeds a very smal-1 amount, it 
will be necessary to use a shunt with ^ 
the meter. What is a shunt? 

1. A larger, more rugged meter case 

and dial that snaps onto the outside ^ 
of the smaller meter, thereby adding 
to its resistance and protecting it 

2. A high-value res'istor (with leads)* 
to be connected in series betwrtn 
the incoming cujprent' of the equip- 
ment under test 4nd the ^mmetei^ 

3. A fuse (with leads) to be connected 
Between one of the m€»ter leads and 
the incoming current circuit. If the 
current is above a certain levefl, the 
fuse will blow and prbvent meter 
damage ' 

4. A .large low- resistance conductor to 
be connected in paraTlel with the 
meter terminals. This conductor 
will carry the' majority of the load 
currfent 

■ . ■ » 

4-22., When yog are measuring Voltage with a * 
^oltmetdr, should you connect the meter 
in seriJs or in para.llel, and what should 
(its pol/irity be in relation to the 
^ direction of current flow? 
^ " 1. In parallel, with tbe current flowing 
''into the negative terminal 

2. in parallel, with t^ie current flowing 
into the positive terminal 

3. In series, with the cprrent flowihg 
int& tTffe negative terminal 

4. In s^ries^with the current flowing . 
into t^e pbsitive termirwl ' 

4-23. In reference to the pircui,t under test, - 
what should be the relative resistance 
of (a) an ammeter and (b) a voltmeter to 
obtain readings of the highest accuracy? 

1. Both (a) and (b), small 

2. (a) Small, (b) large 

3. (a) Larqe, (b) small 

4. Both (a) and (b), large 
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-24. • reference to a voltmeter, what do 
irVthe rrftln^s of (a) ohms-per-voTt, 
<b) v al u e-nlve^ ar^ per centage (e,g. , 



one percent}* and (c) IV, lOOV, lOOOV 
Indicate? . 

Sensitivity, (b) selectivity, 
range 

Accuracy, (b) selectivity, 
thermal stbte 

Sensitivity, (b) accuracy, 
range ♦ \' " \ . 
Range, (b) thermal state. 



1 

2; 
3; 
4. 




accuracy 



^ Use the following as the alternatives 
for questions 4-25 through 4-27. Select 
the response Ahat correctly states the location 
of the-needle on the dial of an ohnmeter under 
the condition given. 



Figure 4A. - Circuit containing resistance 
(Rp) to be measured. 

I Kefer to figune 4A when answering 
\ question 4-29. 



1. 

2.^ 
3. 



Far right end 
Far left end 
Center 



4-29^. 



If the resistance of Ko 
measured with an ohmmeter, (a) in.wh4 
position should the on/6ff switch be 
placed, and (b) wheVe should the test 



4-25. 
4-26. 
4-27. 



The reading is "0." 

The test leads are shorted together. 

The test leads are separated from each 
other and NOT touching anything else. 



probes be placed? 










Off, b 


at 


C and 


D 


2. 




Off,Jb! 


at 


E and 


F 


3. 




On, (b] 


at 


C and 


D 


4. 


[a] 


On, (b] 


at 


E and 


F 



4^0 



.4-28.^ Before you measure resistance, it is 
important that you calibrate (zero^) 
the ohmmeter. How da you do this? 

1. By selecting the\proper rapg^ scale, 
placing the test prot>es at the test 

. points of the circuit to be tested, 
and adjusting the zero-adjust 
rheostat to zero 

2. By selecting the pk^per range sca|e, 
shorting the er\6sJr the test probes 
together, and adjjpsting the zero- 
adjgist tp mid-scale so that the 
needle may safely. go either way 
By selecting the pcy^^J^^nge scale, 
shorting[^ the ends of tne'le$t probes 
together, ana «adjustf?iV^th^^ . 
adjust mps tat to zerd^^ ^ * 
By selecki-ng tlje higheal^^range s-cale,^ 
placing the tist probes at the test 
poirTts or the circuit/ to be tested, 
adjustin^the zero-adjust dial to 
zero; then repeatedly turning to the 
nexrt lower range, scale and repeating 
the steps given, in sequence, until 
the calibration has been completed ; 
for all range scales 



3. 



4. 



You have set the, range scale of the ^ 
ohninetjer a.t R x lOO and -are properlyv 
'measuring the Vesistan^ of a load. The 
meter reads 250 ohms. What ts the resis- 
ti^nce of the load? « 
1. 2.5 ohms- 
^. 250 ohms 
3. 2,500 ohms ' 
'4. 25,000 ohms 

►For what is b meg^r primarily uSed? 

1. To^ measure the capacitance of a 
circuit, and by the use of an 
auxiliary switch, its inductance 

2, To measure theMnsulation resistance 
of conductor^ and RF cables and the 

' dielectric strength of capacitors 
-3. To measure <Jhe voltage/of a circuit 
^ at its source and also at its jceturn 
^° -source ijn order to derive a 
^ voltage efficiency rating for the 
circuit 

^4, To measure the strength and polarity 
of the field set up around the 
electrical conductors of the circuit 
Ijnder test 




4-32. When power Is being measured with a 
— w at tme t er , -i»tiy^^fy^~t^ortaiit"to adnere 



strictly to the "safe rating" limits for 
current and voltage? 
.1. Because If current or voltage is 
excessive, the nfeter pointer will 
likely hit against the upper limit 
of : the dial aitd be damaged 

2. Because the pointer does not give an 
Indication to alert the user when « 
the Internal co+ls are* overloaded 
even though the Insulation surround- 
ing them may be burning 

3. Because, even though no damage will 
be done because of^a safety feature 
in the wattmeter, 'a false reading 
will be obtained 

4. Because, although the pointer: giVes 
warning by deflecting sharply to 
the rightt internal damage is dojrie 
simultaneously 

4-33. There are. special wattmeters available 
for circuits involving the higher 
frequencies. Why are the electrbdynamic 
wattmeters that are used for the lower 
frequencies NOT suitable for use at 
the higher frequencies also? 
1. El ectrodynamic Wattmeter errors 
increase with frequency 
>^2. the frequency selection dial on the 
wattmeter does not have a setting 
for the higher frequencies 

3. ^t frequenjcies above a certain level; 
the meter pointer oscillates from^ 
one end Of the dial to the other 

4. Meter pointer vibration increases; 
with frequency to the point that, 
it becomes impossible jto obtain a 
reading , " 

RM3 Parker is. preparing v^o measure an , 
unknown frequency by usihg a heterodyne 
frequency me±er, ParlJ^lrwill match the 
frequency dPfe ca3iJ)rated, high-precision 
oscillator, to that of the unknown 
frequency/) What indication will there 
be when the two frequencies matt:h? 

1. (We dot of Tight on the screen will 
be superimposed on the other 

2. One vertical line on ,the scKeen will 
be superimposed on the other ' j 

3. Th^e two tones in the headset will 
achieve the same pitch, atv^ich • 
time a series of clicks wilX bel^in 

4. The torle in the headset wi 1 "TLdecrease 
in pitchy and be replaced bwrclicks, 
which will then become slow/or ^ 
non-existent 




^.l?-'^-!— I°iL s hpu.lJJiPi be J r3„tQa.bi^ A-hurcy.. 



1 

4-36, 



4*37, 



3, 



when' beginning to use a frequency meter. 
Which of the following is a major reason 
for this? V 

1. You should take time to short the 
leads together and be sUre the 
painter is on zero U 

2, You should allow for Sufficient meter', 
warm-up time . ' 
You need to always check thjB mete^ 
with a shorting probe before using it\ 

4, It is easy to attach the meter upside 
down, thus causing false readings 

From where ^does the National Bureau of'^ 
Standards broadcast -its standards? 
1, WWV at Beltsville, MD and WWVH at 
Maui , Hawaii 

WWV at Washington. DC and WWVH at . 
Honolulu. Hawaii « 
WWV at Washington. DC and WWVH at 
Maui. Hawaii ' ^ 

WWV at Denver. CO and WWVH^at 
Honolulu. Hawaii 



2. 



3. 



A, Radio« propagation notices 

B, Standard audio frequencie^ 

C, Standard mUsical pitch 

D, Standard radio frequencies 

E, Standard tijne intervals 

F, Time si gnats . ' 



List 4A 



Use list.4A in answering question 4-37. 

Which of the technical radio services 
listed are provided by W>JV and WWVH? 

1. All except A 

2, -All excfept C 

3y AIT except E ' 
4, All 
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POWER 
ON 



OFF 



Xl^'^ ^XIOOO 




OUTPUT LEVEL 
CONTROL 



OUTPUT OUTPUT 
ATTENUATOR 



Figure 4B. X* Panel of audio frequency generator. 



^9 Use figure "4B to apswer question 4-38. 

4-38, What are the frequency and output voltage 
of the audto frequency generator shoWn? 

1. .56 Hz, 5 volts 

2. 560 Hz, .5 v6lt , , . ^ 

3. 5600 Hz^ .5 volt 

4. 5600 Hz, 5 volts , . 

■ - 

4-39. As part of checking^ the*operation of the 
oscillator of an ^i'ud^jo frequency.- 
^generator -at 60"'Hertz, after you set» , 
the dials, you move the main tuning 
dial back and foi^th slightly while you 
are alert to notice when what occurs? 

1. The 60-Hz reed vibrates with 
' maximum ampl itude 

2. An audible tone SQunds ' ^ 

3. ' A red indicator slides across the 



4-40. 



s1oVa*bove 



■ 

4(f<:5me ca 



in the frequency 



4-41. 



e calibration Irjht on the panel 
comes -on 



When an AF modulation signal is fed into 
an RF signal generator , where is it ', 
inserted? . ' " 

1. At the X-MULT jack, at the bottom 
• front of the^panel, just right- of 

center 

2. 1\t the X200K jack; at the bottom 
front of the panel, about halfway 
between the cefnter and. right edge-, 

3. At the EXT MOD IN jack, at the ^ 
/ bottom righ-t-hand corner of the 

front panel 

4. At the X-Y jack around on the right 
side^of the generator (not the front), 
near the bottom 

What is the name of very versatile / 
piece *of test equipment that gives a I* 
visual presentation of a sigi;ial on a • ^-i 
screen,' much like a television screen, 
showing frequency, shape, phase, ampli- 
tude, and other characteristics? * 

1. Oscilloscope - ^ 

2. Standing wave ratio meter 
'3. Distortion analyzer 

4. Multimeter 





Figure 4C 



^ Referytrf^ figure 4C when answering 
> question 4-42. 



4-42. Which of the fo-^l owing representations 
is a typical spectrum analyzer CRT 
display? 

1. A 

2. B 

3. C 

4. D 



4-43. Which of the following conditions does 
the emis-sion type tube testers check 
primari ly? 

1. .The condition of the cathode 

2. The percentage of gas in the tube 

3. The degree of leakage, if any, 
around the base of the tube 

4. The condition of the anode 
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Mhlch of the fol lowing Is normally used 
as a means of obtaining accurate ' 
measurements of the circuit outputs 
when an oscilloscope. is used? 

1. .A small, strong, lightweight nylon 

measuring tape which rolls tightly 
witnin its container and is kept 
behind a sliding door on the-^ide 
of the 0-scope 

2. Grids scfored on plates of glass or 
plastit that can.be mounted in 
front of the screen 

3. A pattern of four beams of light 
that cross the screen horizontally, 
vertically! and diagonally (both 
ways) 

4. A slow scan device coupled with a 
itimer ^ 

The spectrum analyzer presents a display* 
from an Intermediate frequency which Is' 
produced by beatlng^the signals from 
what two components? 

1. A superheterodyne receiver and an 
amplitude-modulated AF signal 
generator 

2. A superheterodyne receiver and a 
frequency-modulated RF oscillator 

3. A superheterodyne receiver and a 
mixer circuit 

4;' Two superheterodyne receivers, tuned 
to certain specifications 

W^i ch of the followj.ng conditions does 
the transconductanc^ type tube tester ^• 
check pr1mar1>y? 

k The degree of "glow" of the tube 

2. The amount of heat present at the 
surface of the cathode when the 
.tube is fully warmed up 

3. The ability of the tube to conduct 
when a series of varied inputs 

*is applied ! r 

4. ThiB ability of -the tube~\to amplify • 
under simulated tifcui^t conditions 



^ Safety Is everybody's business — and 
^ everybody's responsibility! If you see 
an unsafe conbltibn or practice, speak' up or 
take action. You may save a life! Questions 
4-47 through 4-62 deal with safety. 

^4-47. You are assigned a maintenance job ^ ' 
involving high-voltage equipment. You 
attempt to find a safety observer, but 
are NOT able to do so. Which of the 
following things ^houl<Lyou-do?^ 

1. FiDd a safety ^observer before, 

beginning the maintenance' 

2. Immediately proceed cautiously with 
the maintenance ♦( 

3. Proceed cautiously with the 
maintenance after notifying the 
communications officer 

^ "'4, Proceed cautiously with the 

maintenance after notifying the 
duty officer 

4-48. RM3 Suprono- reported to duty; wiped the 
rain from^liis shoes and. the shoulders of 
His shirt;* unrolled the rubber mat he had 
bought at the mall; placed the mat on the 
floor In front of his rolling steel chair 
at his workbencjp; selected, among other 
things, the Insulated mplded flashlight 
from hi^ toolbox; and announced that •he 
was ready to work oH the equipment. 
Which of the articles mentioned. are 
electric shock hazards or unreliable 
art^c^^s of protectioni' . 
1* Steel chair only ^ 
Z'iy^et clothing and flashlight only 

3. Wet clothing, nonapproved rubber- 
mat, and steel chair -r; 

4. Wet clothing, nonapprovftd rubber 
mat, steel ch^ir, and flashlight - 



4-49. 



With what should you remove cartridge 
fuses? ' -\ 

1. The fih5|f? of one hand 

2. The fingers of both hands 

3. A pair of insulated pllefs s 

4. A fuse puller 



turning Objective: State,; 
describe, and explain some, v 
safety me35ures important W 
those who work around 
electrical and electronic 
^uipment. 



4t50; 
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yhen maintenance is to be perfohned, wha 
inust be done to supply switches or cutout 
swi.tche6 from which power could be fed 
to the circuit? 

They must be) secured In the 
pijsltion and tagged 
they must be tagged, only 
They must be secured in the 
positilan only C 
They must be secured 1n the 
position, tagged, and^guarded at 
times^by a safety observer 



OPEN 



OPEN 
OPEN 



/ 



4-53, 



4-51. Mhlfch of the following statements. ^ 4-55 

regardli^ grounding of equipment is 
^ correct? >^ ' / 

1. Equipment to be tested must be 
grounded, but test equipment need 
not be grounded 

2. Both the' equipment to be tested and 
the'test equipment must be grotwd 

3. The test equipment -must be grounded, 
but, the equipment- to ble tested 
need not be grounded 

4. When equipment /is merely being 
tested, it is jAot required that 
either the equipment^nder test 

• ' or the test equipmefl^e grounded ' 

4-52. When you «re using test probes tcTcheck 
'voltage in a live circuit, what is the 
mai n reason* why you should' use only 
' one hand?* 

1. ''You need the other hand'to hold the 
. voltmeter level so that it will 
give an accurate reading 
,2. If both hands are in contact with 
the circuit, the static electricity 
inherent in your body will cause 
•an incorrect reading ^ 4-56. 

3. If both hands are in contact with 
the circuit, you make, a path for 
current to flow from .test point to*' 
test point through ygur body 

4. You need to use the biher hand to 
turn the controls back and forth 
as you watch the Voltmeter dial 



What is the lowest curije 
which a shock normalise 
of the muscles? / 
1. 0.001 amp J 



the lowest current value at 

(causes paralysis 



2. 0.01 amp 
31,. ^0.1 amp 
4. 1.0 amp^ 

4-54. What is^the Towest current value at 
which a shock . is normally fatal if it 
lasts one second or more? 
1. 0.001 amp 
'2. 0.01 amp 

3. 0.1 amp . - 

4. 1.0 amp 



. before you make a megger test, which of 
the following precautions should you 
obser v a? !^ ) 

1. Touch the leads together and turn 
the crank sltwly to be sure tJhe 
reading approximates infinity. 
Although you must leave the equip* 

' ment, energized to check it adecjuately, 
you mus-t exercise extreme caution 

2. - Touch the leads together and turn' 
the crank slowly to be sure the 
reading approximatfes* zero. Completely 
deenergize the equipment to be ' 
tested >* ' 

3. Touch the Iteads together, but do not 
turn the crank. Ensure that the 
**eading approximates zero.- Although 
you must leave the equipment 
energized to check it adequately, ' 
you must exercise extreme caution ' 

4. Touch the leads together, but do not 
turn the crank. Ensure that the 
reading approximates'infinity. 
Completely deenergize £be equipment 
to be tested 



Which of the following is r wfety - 
precaution you must take if you*are to 
conduct a rfieg^er test on components 
having high capacitance? 

1. Discharge the components with an 
" approved shorting probe before 

tbut not necessarily after) making 
the megger tett 

2. ^Discharge the components with an 
.approved shorting probe both before 
antf after making the megger test 

3. /Discharge the components ^ith an. 

approved shorting prpbe after (but 
nqt necessarily befcube) making the 
megger test 

4. Measure the capacitance with a 
capacitance meter before and after 
the megger test, a?nd discharge if 
the reading exceeds the numerical 
value specified in the technical 
manual 




4t57. •Which of the following sets of 

Instructions should you fqllow when * 
handling a cathode- ray tubel 

1. Handle It very carefully, carry 1t 
. * ■ only by the narrow neck, and, 1f 

you must put It down, stand it on 
its fiice on a thick piece of felt, . 
If possible 

2. Handle it very carefully, carry it 
only by the narrow neck, and, if 
you must put It down, S^y it on >ts 
side on a heavy piece w felt, if 
possible 

3. Handle it very carefully, being 
careful not ^ to scratch or bump it 
because the glass envelope contains 
a high vacuum and will Implode if 
punctured . * * 

4. Handle it very carefuTly, being, 
^ ' careful not to scratch or bump it 

^ because' the glass errvelope contains 
a high /pressure and will explode 
if punctured / . 

4-58. When you are discarding^ a cathode-ray 
tube, you should put it fn an empiy CRT 
carton and act In' accordance with v^hich 
,of the following sets of*precauti(Jis? > 
\, Be careful not to break off the 
7 locatiji^ pin or the ti> of the glass 
^ vacuum seal ; be careful not to get 
the toxic chemical phosphor coating 
on your haifids or 'on any skin breaks 

2. Carefuljy break off the tip of the 
glass vacuum seal, but do not break 
•off the locating pin; be careful 
not to get the toxic chemical 

. phosphor cbatlfig op your hands or 
on any skin breaks 

3. ^ Carefully break off the locating pin 
r and the tip of the glass vacuumv} 

seal; be careful not to get the toxic 
chemical phosphor coating on your- 
hands or on any skin breaks 

4. Carefully break off the locating 
' pin and the tip of the glass vacuum 

^seal; take normal precautions not to, 
cut yoursjelf, but the coated glass 
of the CRT is of n^ more potential 
danger to, you than any other sharp 
' glass 
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4-59. , What should you do if you observe a' 

shipmate suffer an electric shock, lose . 
consciousness, and continue to hold to 
the live conductor? (In all cases,, you 
will remain with, t^e^victtm until help, 
arrives.) 

1. First, rush to him and try to pull 
him free from the conductor.', then 

. administer artiflci^al respiration, 
give him a stimulant, and send for 
the doctor or corpsman / 

2. First, turn off the volta^ If 
possible. If you cannot, try to 
free him from the conductor, protec- 

^ ting yourself, meanwhile. Then see 

if he is breathing, Iposen his 
clothing, keep him warm and still, 
administer artificial respiration 
if 'he is not .breathing, and send for 
a doctor or corpsman 

3. Call for medical doctor or 
I, corpsman^hen turn off the /voltage 

if possf&le. If yoih cannot, try - 
to free^hlm from the conductor, 
protecting yourself, meanwhile. 
Loosen hi§ clothing, and keep him 
warm ^ { 

4. Call Tor twtf other stiipmates 'to 
help you. One^ you should 
immediately tr^^ pull the victim 
free from the conductor, one should 

"""^ cafll 'the doctor or corpsman, ••"and one 
should turn off the voltage if he 
can locate and gain access to the 
source. Then loosen the victim's 
clothing, cover him, see if he is 
breatning, and administer artificial 
respiration if necessary 

4-60. How is it possible for a* person who is 
conscious to sustai^n RF-energy burns 
which may result in serious confluences 
without realizing that this is. ocoijrring? 
1, An RF-en^rgy burn causfes a codling, 
rather than a heating, sensation 
which the victim does not associafi(f ' 
with an RF-energy burn 
2^ Preceding an RF-energy burn there js 
^ always a jolt. resulting in a short« 
period .of tirrfe that all Conscious 
thoughtprocesses are abseht. The 
victim^ll never recall this 
particular time 

3. This occurrence causes drowsiness, 
and the victim nearly always thinl^s 
he merely needs more sleep 

4, The RF-energy heating action' 
penetrates through tissue to the 
bone where there are no nerves ^ 
•which can alert the victim that 
burning is taking place' 
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A. 

B. 

C. 

b. 



Get proper permission and authori- 
zation Urom the CIC Officer and 
the 00D» for example) 



Wear a rubber chest-protector 



) 



Ensure that the transmitter Is NOT 
^energized, and that RF energy from 
'nearby transmitter antennas Is NOT 

harmful, 

* ' ■ 

Procure the assistance of a person 
qualified. In rigging 

Ensure that a fire truck Is standi 
by 



F. Wear a safety belt and secure tools 
to your person with. carrier lines. 

" Secure your safety belt as soon as 
/** you reach the work area 

G. a safety belt with you and 
secure tools to your person with 
carrier lines. Fasten the safety 
belt unless y(ju can prop yourself 

' securely. In which case you need 
NOT fasten It ^ 

H. Ensure good footing and grasp and 
hold f^st 



- * List 

^ Use the preceding list, of safety rules 
^ In answering question 4-61. 

61. Which rules apply when you go aloft to 
work OAw^n antenna? 

1. A. C. E. F. H 

2. A. C. D. F. H 

3. A, C, E, G. H 

4. C, D, F. H only 

62. Which of the following types of fire 
extinguishers Is/are satisfactory for 
use on electrical fires? 



4-63. 




4-64. 



1. 
2. 
3. 

4. 



COo gas only 

Garbon tetrachloride and CO2 gas only 



Carbon tetrachloride, CO^gas, 
foam only 

Carbon tetraCTilorlde, CO2 gas, 
soda-acid, and foam 



and 




Learning Objective: Explain 
procedujres associated with 
testing resistance and voltage, . 
and ijjtefpreting an oscillo- 
scope display.. , - 

' T" 

How axid with what should you make a' 
resistance chetfk, using po4nt-to-po1nt 
resistance charts in the equipment 
technical manual? 

1. Using an ohmmeter, measure th^ d.c'. 
resistance between specified points 
in the ^rciiit and ^ground: The 
meter irwcates the amount of 
resistance present 

2. • Using ^a test line with a light bulb 

(load) in the Gentej|and a test ^ 
probe on'each rendr-xoucjKspec^^ied 
points of the circuit with one 
probe and ground with the other. 
The brightness of the light indicates 
the amount^ of resistance present 

3. Flip the "test" Switch on the panel 

to ON, then xQ^aite panel adjustment ^ 
knobs and recordf th^ir position when . 
the audio tdne leases (the null) i 
,4. Flip , the "test" switch on the panel 
to ON, then reflate the panel ^ / 
^ adjustment knobs and record their. 
poHtion when the\liai indicates ^ 
exactly zero / • • 

When the operator is making resistance 
checks, should the power to the equip- 
ment under test be on or off, and what 
should be the condition of the 
capacitors in the circuit? 

1. Power^ff; capacitors left precisely 
as iiWey were when the power was 
turned off 

2. Power off ; capacitors discharged 

3. Power on; capacitors operating 
normally 

4. Power on; by-pass conductors 
attached between large cwpacitofs 
and ground 
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4-65. , Why i^St Important to take voltage 
ffleasuremnts t^locatlng troubles or 
trouble symptomsj? 

1, Because a dtwfige \t) voltage causes 
a change tn "Dpwer, and power * 
abnormality Is always the basic key 
to ^troubl es hooting 
' 2. . d^Gtttfse 1f an abnormal voltage can 
be returned to normal by adjusting 
resistance, it can ^safely be assumed 
• that the equipment is.repafired and 
can be. relied upon to be dependable 

3. Because knowledge of voltage 

\ • • abnormalities helps us find trouble 
spots, as most equipment and system 
troubles either resuj-t from abnormal 
voltages or j^roduce abnormal vpltages 

4. Because, although most equipment 
troubles do not affect voltage,^ those 
few that do affect it ordinarily are 
of seriou| nature and need to be 
repaired promptly to avoid equipment 
daliiage ' 



To avoid damage to the voltmeter and to 
ttain high accuracy of reading, what 
i the procedure recommended in your 
extbipok for setting the range on thei 
voltmeter? * 

1. First set it to the hlgfiest range,* 
then to the range that will permit" 
close, detailed comparison with the 
measurement shown in the voltage 
chart * ^ ( 

Set it only 'to the range that will 
permit close, detailed;)^om|Arison 
with the measurement s^ev^n in the 
voltage chart .< 
"Fir^t'set it to theHowest range; 
then to the range that w1Jl¥ permit 
close, detailed comparison with the 
measurement shown in trie voltacfe 
chart 

4. Set it only to the highest range. 
Any other setting will permit damage. 
^ — ^ the meter 




2. 



3. 




^ . ■ , . • 

4-67. When the opera Ijo^r measures voltage of * 
less than 300V, -which of ttre^oTlc^ing 
^^jirocedures should he follow 
rjeads the metor? 

1> Turn the power on. With one har 
place the ground lead of the 
• meter to ground; with the other> 
tbuch the other lead of the voltmeter 
to the point to be measured w 

2. Turn the power t)?f. With one Mmd, 
/ place the ground lead of the volt- 
meter to ground 1 witht the other , 
touch the o*ther Ifad of the voltmeter 
to the point to be measured V 

3. Turn the power on*. Connect the 
grouhd lead of the voltmeterr; then, *\ 
using one hand (other, in^pocket or 
behind back), place the end of the 
test prod on the po'int to be measured 

4. ' Turn the* power off. Connect the 

ground lead of the voltmeter; then," 
using one han(L(otljpr in pocket or 
behind back) , ffilari the enc^ of the 
test prod on u\e point to be ^measured 

4-68. Durinlg a routing preventive maintenance 

check, if the operator discovery that ' . 
the display of ja wavefarm.on an oscillo- 
scope resembles th^ reference waveform 
for that test point, but'shows minor* « 
distortion, which of the. following 
actions should ha take? 

1. >^e should deenergize the equipment 
un^r test irrinediately^before it 

.'-^becomes damaged, and submit a 
priority reqUest for corrective 
maintenance 

2. He should deenergiz^ the -equipment, 
but should submit a request for 
corijSfective maintenance ' 

3. He should not deenergize the equip- 
ment, but should ccyrduct waveform 

^comparison tests oiT it every hdlir 
for eight houi^s to see if anything - 
. 0 e>se develops/ . . 

4. He should consider this display to be 
satisfactory^ real izi^ng that it is 
not unusual for differences in 

^ oscilloscopes, placement of the learfi, 
etc. to cause slight variations in " 
displays . ^ 

' f ■ ' 




Learning Objective: Explain 
how and with what to test 
receivers relative to noise 
and Input* and output voltages. 



4*69'. Noise present^ In a receiver can generally 
be attrljjutecP to what two source^? 
l.'^ Atmospheric disturbances; magnetic 
disturbances 
!.. 2. '*AtJnaspher1c disturbances; electrical 
-cq^bnents In the receiver circuits 

3. ' Movement of the antenna during wind; 

vibration of the RF amplifier during 
operation 

4. Hunining of tubes; random "popping" 
of transistors 



4-71. 



4-72. 



You Insert a signal of a specified 
voltage In-to the first RF amplifier of 
a receiver, measure the output of the 
signal from thi's amplifier, and divide 
the output signal voltage by the input 
signal voltage. Your answer will be a 
measure of what characteristic of the 
HF amplifier? 

1. Gain 

2. Distortion , 

3. Selectivity 

4. Fidelity 

You inject a signal of a specified 
voltage from a signal generator into a 
•dummy antenna, following prescribed 
steps. ^ Then the signal goes to the 
receiver input stage, and you measure 
the receiver output signal with a 
voj^tmeter. You will have the necess^'ary 
measurements to determine what 
cnaracteri Stic of the receiver? 

1. Selectivity 

2. Sensi t1 vi ty 

3. Reliability 

4. Fidelity 



Learning Objective: Explain 
how and with what to test 
output power (CW and modulated) 



When Output power measurements an^ made 
in modjulated systems, the measurement 
is made for normal carrier output and 
for peaic power at what percent 
modulation? 

1 . 40% ' 

2, 60% 

4. 100% ^ 



4-73. yWhat test equipment is normally used to 
^let you know when you have the proper 
drive for the yeclfied percent of 
modulation for output pov/§V measurement, 
and what will result if you exceed that 
drive level? 

1.- A voltmeten^rcing and possibly fire 
A voltmeter; an incorrect measurement 
and undesired heat bulld-up 
An oscilloscope; distortion and 
undesired shifting of the carrier 
A wattmeter;' an Incorrect measurement 



4-74. 



2. 
3. 



4. 



Learning Objective: Discuss' 
standing-wave ratio (SWR), 
identify -t«t equipment used 
to perform specified tests, 
explain why (wfs s i ve^robe 
replacement is a popr 
procedure. (This abject i ve 
is continued In Assignment 5.) 



(a) Should the standi nq-wave ratio <'SWR) 
be high or low, and (b) what does it^ 
indicate? 

1. (a) Low, (b) the degree of precision 
of the frequency of theequip- 
mentyfs compared to a standard 
/ 2. (a) Highs (b) the degree of precision 
of the frequency of the equip- 
ment as compared to a standard 

3. (a) Low, (b) the degree to which 

the load and source impedances 
are matched 

4. (a) High, {b) the degree to which 

the load ar^d source impedanceis 
m are matched 

4-75. If the installation of a new antenna or 
the erection of a structure close to 
an antenna causes a change in antenna 
impedance with a resultant undesirably 
high SWR, what is normally done to 
correct this situation? 

1. The transmission line is replaced 

2. The antenna matching networ(c is 
varied to match the new antenna 
characteristics 

3. The antenna is replaced by an antenna 
with characteristics that reflect a 
better SWR 7, 

4. The equipmient impedance is varied 
until the SWR is better 
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Assignment 5 

System Diagnosis and Quality Assurance (Continued); Communications Organization 
Textbook Assignment: Phages 153 - 183 



Learning Objective: (Cojitinued) 
Discuss standing-wave ratio 
(SWe), Identify, test equipment 
used to perform specified tests, 
and explain why massive tube 
replacement is a poor procedure. 



Learning Objective:. Convert 
ratio ^^^oweV, gain to gain 
in decibels and identify the 
type of equipment associated 
with certain sensitivity 
measuring processes. 




5-1. If the SWR becomes high for NO accountable 5-4, 
reason, usually an impedance test of 
transmission lines, control cables, and 
^tennas is made. What test eqijipment 
is generally used for this test? 

1. Variation analyzer 

2. ' Oscil loscope 

3. Impedance response meter 

4. Megohrrmeter 

l.ch of ' the following are equipments 
in .communication checks to observe 
-s^jpentijaf* Ihe^wH^cftr*^ j^of 
^^?Iat6rs? ' - 
Wave analyzers, distortion analyzers, 
or sotmd analyzers 

Spectrum analyzers or pulse analyzers 

3. Panoramic adapters or signal analyzers 

4. Variatian analyzers or bandwidth 
ana 1 yzers V 

5-3. When equipment having numerous electron 
tubes shows Indications of a potential 
problem, why should a massive tube 
replacement effort NOT begin immediately? 

1. Because misalignment would probably 
occur 

2. Because time and effort would prubdhlv 
be wasted, as the equipment would 
probably still indicate that it had 

a potential problem after tube 
repl aCement 

3. Because an undesirable accumulation 

of -lubes of unknown age and condition r^_; 
wbul d be bu i 1 1 up 

4 . All of the above 



If a receiver has a 1000-to-l ratio of 
power gain, what is the gain in 
decibel s? 

1. 10 dB 

2. 30 dB ' ' 

3. 3 dB 

4. 103 dB 



-V 



In questions 5-5 through 5-7, select from 
column B the type of equipment associated with 
the sensitivity measurement process (or a part 
thereof) given in column A. - 



A, Sensitivity 

Me asuring Processes 



B. 



A carrier of 400 Hz at 
30% modulation is 
applied, and the receiver 
output is adjusted for 
a +10 dB*ratio of 
si gnal -to-noise 

The input signal vol tage 
is adjusted to produce 
a +20 dB outputvsignal - 
to-no>s^. ratio , which 
\ i s mai ntai ned even 
though the reference 
level may change 

Inherer^t in this type"* 
of eqljipment is a strict 
reqairem^t for a high 
degree of frequency 
stabil i ty . and the 
associ ated test equi p- 
im>nt must be highly 
a( cura te 



2. 



3. 



Types of 
Equipment 

CW (Al) 
and 

facsimi le 
(A4) 

recei vers 

Si ngle 
sideband 
(SSB) 
recei vers 

Voice- 
modul ated 
(A3) 

recei vers 



4f, 



/ 

5-8* What does your textbook suggest /s the 
first step in checking the sensitivity 
of a frequency-shift keying (FSK) system 
(receiver, FSK circuitry, and teletype- 
writer)? y'' 

1. Check the receiver o^<rffie FSK system 
for CW operation and \[^ns i ti v-i ty 

2. With an electronic tiTOr, measure 
the time interval fron^the initial 
signal input to the teletypewriter 
output 

3. Uncouple th^ teletypewriter, clean 
and lubricate it, and run it 
(separately) through the tests 
listed in a checklist in the 
technical manual., 

4. In sequence, insert several signals 

of di^jferent frequencies, as specified 
in the technical manual, and note the 
corresponding outputs from the 
tel etypewri ter ^ 



5-10.1 You suspect the amplification character- 
^ V istics of one of the amplifiers in the 
^-r^ceiver varie^s considerably from the 
oDhers. Which' of the following acj^-ons / 
would be^t help you learn whether you 
are correct, and, if so, hovy^it varies? 

1. Insert ^signaH from an FM signal 
generator, and display amplifier 
response curves^ from the different / 
amplifiers \ ' . \ j 

2. Insert signals of various frequencies^ 
and measure the strtfqgth and 
frequency of each of the output V 
signals with a voltmeter 

3. Measure the resistance across each, 
amplifier when the.circuit is 
operating norma Mfcn^^ ^ 

4. Measure the volflHI^cross each 
amplifier when tne circuit is 

-V. operating normally 



* 5-9. 
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Learning Objective: Describe 
procedures and test equipment 
utilized to determine the 
reserve gain of a receiver 
and to determine whether the 
operation of an amplifier is 
nonstandard . 



By wh ijctn;^ f any, of the following ways 
can ^IJe reserve gain of a receiver be 
determined? 

1. By firnding the ratio of an inserted 
signal of specified strength to the 
resultant output signal when the 
receiver is set for standard gain 
By measuring the ratio of noise 
output at standard gain to noise '-^ 
output at maximjfci gain (provided 
maximum gain does not cause an out- 
put overload) 

By measuring the ratio of noise 
output at minimum gain to noise 
output dt maximum g^in (provide(.j 
maximum gain does not cduse dn nut^ 
put overload) 
None, of the above 



2 



Learning Objective: Determine 
what portion of the receiver 
system is included when the 
term "overal 1 sel ecti vi ty" is 
used . 



5-11. The term "overall selectivity" usually 

\ refers to the frequency selectivity 
of a receiver from and to what points? 

1. From the input to the first amplifier 
to the output from the speaker or 
earphones only 

2. From (and including) the antenna to 
the output from the speaker or 
earphones ^ 

3. From the input to the first amplifier 
to theNoput of the finil detector 
only 

4 . Frorfl' ( and -1 ncl udi og ) the antenna to 
the input to t^e.final detector only 
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Learning Objective: Describe 
procedures for determining 
the squelch characterl; " * 
and for checking warm- 
frequency drift. 



5-12. 



5-13. 



ulning / 
ristic/ 



In order to determine the squelch , 
characteristic of a receiver, after 
coupling together the equipment, properly 
setting the cjegree of modulation, 
freqiren^, and RF output of the signal 
generated, and checking the receiver 
output, what should you do? 

1. Gradually Increase the percent of 
modulatlonYuntll the squelch circuit 
operates, y This percent of modulation 
is the squelch characteristic 

2. Gradually! Increase the RF output 
of the s1§fMil generator until the 
squelch cir^c^it operates. This RF 
output is the squelch characteristic 

3. Gradually increase the freauency 
until the squelch circuit Operates. 

\ This frequency is the' squelch 
characteristic 

4. Gradually turn the gain control on 
the panel, of the receiver, increasing 
the gain until the sguelch circuit 
operates. The voltufeter reading 
upon activation of the squelch 
cirl^uit is the squelch characteristic 

According to your textbook, to perform a 
warBf)'-up frequency drift check with a 
heterodyne frequency meter, what 's/iould 
•you do after you turn on the receiver 
and set the frequency meter to produce 
a 1000-Hz beat twe (in the CW mode)?\ 

1. As the receiver drifts, readjust the 
frequency meter to produce^a ipOO-Hz 
beat tone. The frequency drift is 
indicated by the difference between 
the original and final frequency 
meter setting after the receiver 
frequency stabilizes 

2. After the receiver frequency stabi- 
lizes, measure the difference in 
frequency between this receiver and 
a second receiver, set at the 
original frequency of the first 
receiver ^ 

.3. Compute the percentage and polarity 
of voltage change of the receiv^ 
before and after drift 
4. Compare readings of spectrum analyzer 
tests conducted before and after 
drift 



f 



5-15. 



Learning Objective: Identify 
a problem condition caused by 
dust on the conductors in a 
ci rcui t. 



&-14. A collection of dust on the insulation 
of the conductors in a circuit Invites 
what condit16n(s)? ^ 

1. Decreased resistance in the insula- . 
tioh caused by the absorption of 
moisture by the dust; flashlnfg of 
electrical energy from one cORj^nent 
to another ^ 

2. Increased resistance In the Insula- 
tion resulting In Increased current 
flow and-heat build-up as the 
circuit attempts to normalize 

3. Increased resistance in the Insula- 
tion cairsed by the increased diameter 
of insulation plus dust; flashing 
of electrical energy from one compo- 
nent to another j 

4. Varying resistance in the insulatfpn 
(increased in some areas, decreased 
in some ar^s, caused by varying 
degrees of moisture) resulting in 
fluctuating current 



Learning Objective: Explain 
procedures for measuring 
transmitter frequency and 
transmitter output power. 



In the MF to VHF range in communications, 
what is normally the way to find the 
power output of a transmitter? 

1. Measuring the current and voltage 
and applying a formula 

2. Measuring the current and resistance 
and applying a formula 

3. Using the "lamp-load" method' 

4. Reading tbe front panel meters of 
the equipment and applying a formula, 
if required 



48 

4 



-16, Identify an action to be taken in each of 5-19. 
. two methods of measuring transmitter 

frequency* as described in your textbook. 
'1. (Method 1) Inserting the outputs of 

a -staDdajM frequency generator and"^ ^ 
.a transjiMtoc^jnto a dummy antenna ^ 
and coMwg tills' to 
an osfTrloscope; (met+tOT^^)^''bea.ting" 
the transmitter frequency against , 
the output signal of a heterodyne - 
frequency meter : 

2. (Method 1) Inserting the output of- , 
a standard frequency generator into 

a transmitter;; (method 2) "beating" 
the transmitter frequency against 
the output signal of a heterodyne 
frequency meter 

3. (Method 1) Inserting the output 
from a transmitter into a standard 
frequency generator; (method 2) 
inserting the output of a transmitter 
into a^spectrum analyzer 

4. (Method 1) Inserting the output 
from k heterodyne frequency meter 
into a transmitter; (method 2) 
"beating" the output of the trans- 
mitter with a signal of preselected 
frequency set jnto a standard 
frequency generator 

-17, Which of the following are used in 

measuring transmitter power output by 
the lamp-load method? 

1, An incandescent lamp, an illumination 
meter, a variable power source, and 
an ohmmeter 

2. A series of lamps, a rheostat, a 
steady power source, and an ohmmeter 

I 3. A series of lamps, a mirror, an 

illumination meter, a steady power 

source, and a wattmeter 9 

• 4. A series of lamps, an illumination 

rrieter, a variable power source, and 5-20. 
a wattmeter 



Learning Objective: Identify 
a problem existent in an RF 
amplifier and explain proce- 
dures taken to overcome the 
problem of degenerative 
feedback. 



What is the name given to the procedure 
used to eliminate or reduce the effec- 
tiveness- and eff iciejicy-robbing effects 
of degenerative feedback in an RF, 
amplifier? ' ^ \ 

Debilitation \ 
Negation 
Neutral ization 
Tubular suppression 



Learning ObqectivV: State the 
names of the'^Ta^^^Jmpulses 
associated with the perfora- 
tion on paper tape, and nante^. 
and explain the distinctions 
between the types of wire^ 
teletypewriter circuits. 
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Figure 5A. 



Use figure 5A in answering question 5-20, 

Identify the type impulse, if any, 
associated with the hole or lack of a 
hole in the top row of perforations in 
the*perforated tape shown, 

1. A, Spacing impulse; B, marking 
impulse;* C, none (sprocket hole) 

2. A, Marking impulse; B, spacing 
impulse; C, none (sprocket hole) 

3. A, Excitation impulse; B, dormant 
impulse; C, spacing impulse| 

4. A, Active impulse; B, passH/e 
impulse; C, check bit impulse 



■18. Every RF amplifier tube, including those 
in transmitters, has an inherent problem. 
What is it? 

1. Cathode glow 

2. Plate saturation 

3. 'Mnterelectrode capacitance / 

4. Grid locking 
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5-21, 



5-22. 



WhatAare the two general types^f wire 5-23 
telewpewriter circuits, and w%t 
distinguishes the usage of one f^m the 
other? 

1. ManAed^ used for circuits actively 
manfed by personnel ; phantom, used 
for/ circuit/ that arereompletely 
s automatedy^ ^ 

2; 1 Drijjeg.t> lised for direct operator- 
tp-6Rercitor transmissions; phase- 
delay, used in transmissions 
utilizing reperforators 

3. Limited signal, used for shorter 
distances; scatter, usfd for long 
and medium distances^ on landlines - 

4, D.C., used for shorter distances; 
carrier, used for long and medium 
distances on landlines 



Learning Objective: Explain 
the reason for multiple 
antennas at sites receiving 
HF communications, and state 
the name of the device used 
to extend a circuit by 
receiving signals and sending^ 
them out again with increased 
power. 



At stations receiving HF communications 
transmitted by sky waves, there may be 
two or more receiving locations 
separated by several wavelengths or 
there may be more than one antenna, 
either one vertical and one horizontal 
or differently oriented horizontal 
antennas. What is the usual reason 
for this? 

1. To enable them to receive inforfitetion 
from more than one transmitting 
station at the same time 

2. To enable them to send replies, as 
well as receive transmissions 

3. To compensate for transmission 
impai rment 

4. To enable them to receive both the 
* high and low end of the HF band 

simul taneously 



Usually, circuits are extended by 
inserting receiving and retransmitting 
equipment prior to the limiting length 
of a t^'letypewriter circuit to give 
the signals -additional range. What is 
the name of this receiving and retrans- 
■ mitting> device? 

1. Super-echo 

2. Repeater 

y 3. 'Retransmitjter . . 
4. Piggyback transmitter 



Learning Objective; Describe 
how to insert t^st' signals 
into the teletypewriter equip- 
ment, identify the two letters 
used for testing^ teletype- 
writers, and des^ibe the 
method of determining the 
high and low range extremes 
of a teletypewriter. 



5-24. 



1. 



You are beginning to test the performance 
of the teletypewriter equipment and you 
want to observe its opef^ation for test 
purposes. How should the signals to 
activate the equipment for thisVte^t 
be inserted? 

You should insert the signals by 
means of the keyboard 
Someone else should insert the 
signals by means of the keyboard 
while you observe 
The signals should be- inserted by 
means of a test tape patched into 
the test channel 

You should conduct all of your test 
while the equipment is transmitting 
actual data in its normal way 



3. 



4. 
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'5-25. The rajnge-f i nder of the teletypewriter 

is set to ^he midpoint of the determined 
high and low range extremes ^of the 
individual equipment. How should you 
determine these extremes? 

1. Pre^s the "lower range" button, 
read the meter; press the "upper 
range" button, read the meter 

2. Turn the "lower range" knob lower 
until the light under the knob 
flickers, read the meter; turn the 
"upper range" knob higher until the 
light under the knob flickers., read 
the meter 

3. While alternately inserting the test 
letters, turn the range selector 
down (for low end)^or up (for high 
end) until the "out of range" light 
comes on; read the meter 

4. While alternately inserting the test 
letters, turn the range selector 
down, (for low end) or up (for high 
end) until printing errors occur; 
read the meter 



EKLC 



5-26, 



What two letters are frequently^ typed 
alternately on a teletypewriter to 



t 

3. 
4. 



5-27. 



.t it? 
W and Z 
R and Y 
H and V 
f and S 



Learning Objective: Distinguish 
among various types. of teletype- 
writer signal distortion; state 
the normal way of calculating 
the degree of bias. 

^ ^ : ■ 

Refer to figure 5B in answering 
questions 5-27 through 5-29. 

What type of teletypewriter signal 
distortion is represented in waveform A? 

1. End distortion ( 

2. idas distortion' ^ 

3. Cfnaracteristic dJstortion 

4. Fortuitous distortion 



5-28. * What type of teletypewriter signal 

distortion is represented in waveform B? 

1. Characteristic distortion 

2. Bias distortion 

3. End^dBtortion 

4. FoYtuitous distortion 

5-29. What type of teletypewriter signal 

distortion is represented in waveform C?. 

1. Characteristic distortion 

2. Bias distortion |i 

3. End distortion 

4. Fortuitous distortion 

55^3dt What is the usual method of calculating 
the percentage of bias distortion? • 
1. ^ The ratio of the normal length of 
the mark or space to 'its present 
length 

,2. The ratio of the normal length of 
f the^mark or sp^e to the ajpunt ij 
I has-been lengthened or shortened/ 
13. The ratio of mark element to sp^e 
f" element 

Vy The ratib of space element to/mark 
^'■'^ment 
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In questions 5-31 through 5-34, select from 
column B the type of distortion associated with 
the 'causes given in column A. 



A. Causes of 
Distortion 

5-31. May be caused by 
fading, multipath 
transmissions, 
atmospheric noise, 
= lightning, and many 
oth6r random 
disturbances 



5-32. Caused by a 

detuned receiver 
or a drifting 
transmitter or 
receiver 



5-33. Caused by charring 
current when the 
interval between 
thef mark and space 
i4 too short to 
allow for the change 
the current 

\ 

5-34. Usually caused by 

maladjusted or dirty 
contacts 



\ 



B. Types of 
Distortion 

1. Bias 

2. Equipment 
character- 
istic 

3. Fortuitous 

4. Line.charac- 
terjstic 



r 



5-35. Which of the following descriptions cor- 
rectly points out the- difference between 
bias and speed distortion? 

1. The mark is the same length asj the 
space in speed distortion, but not 
in bias. The total length of mark 
and space is standard in bias 
distortion, but not in speed 

2. The mark is the same length as the 
space in bias distortion, but not 
in speed. The total length of mark 
and space is standard in speed 
distortion, but not in bias 

3. The mark is the same length as the 
space in both bias and speed. The 
total length is longer than standard 
in bias, and shorter than standard " 
in speed 

4. The mark is longer than thp space 
in bias, but shorter than the space 
in speed. The total length, however, 
is standard in bothi bias and speed ^ 



Learning Objective:,! --Identify 
terms connected witn>4md give 
general, basic descriptions of 
some of the elements of signal 
propagation. 



-36. 



5-37. 



' . V- ., V 



^hat is the term used ^or the process 1n 
Which several signals are combined into 
one signal, transmitted from one terminal 
to\another, and then broken down into 
the original Signals? 



L 
2. 
3. 
4. 



Vafitypin9> 
DWersi-typing 
Multiplexing 
Simplexing 



The use of l^frequency at which of the 
following locations on the band wil^l 
sometimes offset the effects of 
scattered reflections of muHip^ath 
propagation on MUX signals? 

1. Near the mi nimum usable frequency 

2. Near the maximum usable frequency 

3. Near the midpoint of the band/- 

4. Two-thirds of the distance up the 
band 



A 



r 
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j-38. In nonsynchronous cryptographic operation, 5-40. 
what verification check helps ensure that 
the entire message is received or alerts 
personnel if it is NOT? 

1. The same number of teletypewriter 
characters must be received as sent 

" ..in order for the equipment to remain 
in the set or operable condition 

2. The same number of teletypewriter 
characters must be received as sent ^ 
or red lights flash at both^the 
transmitting and receiving equipment 

3. The same number of teletypewriter 5-41. 
characters must be received as sent 

or buzzers sound at both the trans- ^ 
mitting and receiving equipment 

4. Each of the nonsynchronous equipments 
is kept in phase by its own frequency 
standard, rather than by character 
receipt count. Equipment tests are 

'conducted to verify satisfactory 
operation 

5-3'9. In synchronous cryptographic operation, J 
wf?^it^eri fication check helps ensure that 
the entire message is received, or aler*t^>^ 
personnel if it is NOT? 

1. The same number of teletypewriter 
characters must be received as sent 5-42, 
in order for the equipment to remain 

In the set or operable condition 

2. The same number of teletypewriter 
characters must be received as sent 
or red lights flash at both the 
transmi tti ng^ wd receiving equipment 

3. The same number of teletypewriter 
characters must be received as sent 
or buzzers sound at both the 
transmitting and receiving equipment 

^ 4. Each of the • synchronous equipment? 5-43. 
is kept in phase by its own frequency 
standard, rather than by character 
receipt count. Equipment tests are 
conducted to verify satisfactory 
operation \ 

< I ^ _ ■ 

Learni nj^-Objecti ve: Briefly 
describe ^nd explain the 
problem of mutual interfer- 
ence 1n a unit containing 
multiple transmitters and 
receiver"^ and methods df 
decreasing .the effects of 

the problem-. . ^' 



On which of the following frequencies 
may the signal of an HF transmitter 
located close to several other trans- 
mitters and receivers cause interference? 

1. At the frequency of its carrier only 

2. At the frequency of its carrier and 
at twice that frequency only 

3. At various frequencies within the 
HF ra^ge only 

4. At various freqifencies inside and 
outside of the HF range ^ 

Which of the following statements 
correctly states the effect, if any, 
that separating receiving and trans- 
mitting antennas normally has on the 
problem of interference? 

1. Much of the interference disappears 

2. There is about the same amount of 
interference, but it occurs at ^ 
different frequencies 

3. The interference at frequencies 
higher than double that of the 
signal is eliminated, but other 
interference remains as before 

4. There is no change to the interfer- 
ence pattern 

One way to partially isolate antennas 
from each other aboard ship or ashore 
is by making use of the structures or 
natural contours of the area. What is 
,the term for this- type of radiation 
blocking? 

1. Radiation shielding i- 

2. Terrain shielding 

3. Contour blocking 

4. Configuration blocking 

In order to pre\^nt the reradiation Of 
spurious harmonics from'fluy wires which 
support antennas^ what precautions should 
be t^ken with guy wires?) 

1. They should be insulated at the enQ(s 
and should be exactly the length 
associjated wTth one wavelength at the 

^normal operating frequency of the 
associated transmit^ter only v 

2. They srfould be grounded and should be 
exactly the length associat^ed with 
one wavelength at the nprmal oper- 
ati n^ frequency 

3. They should be insulated at the ends 
and should be exactly the length or 

• twice the length associated with one 
wavelength at the normal operating 
frequency 

4. They should be in insulated sections, 
in lengths- not related to the 
harmonics of the normal operating^ 
frequency 
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5-44. Your textbook lists some ways in which 
cross modulatlon^can be reduced. What 
are they? 

1, Using only vertical antennas, and 
separating transmitting antennas 
from receiving antennas and from 

' S. each other v 

2, Using only honzontal^ antennas , 
separating transmitting antennas 
from each other, and separating 
receiving antennas from each other 

3, ^ Reorienting transmitting antennas to 
/take advantage of their directional 

characteristics, separating trans- 
mitting antennas from each other and 
• from receiving antennas, and separat- 
ing receiving antennas from each other 
^4. Reo>tenting transmitting antennas to 
takfe advantage of their directional 
characteristics, separating trans- 
mitting antennas from receiving 
antennas, and grouping receiving 
and transmitting antennas together, 
using the same antenna for multiple 
receivers or transmitters whenever 
possible 

„ 5-45. Which of the following is a^device that 
is often used to reduce the effect of 
local oscillator radiation? 

1. An isolation pack 

2. A multicoupler 

3. An ordinary metal box 

4. A baTidpass duo-filter 

5-46. What test i>ist1tment, used for checking 
ror^ transmitter radiation, gives a 
visual indication of existing sidebands 
or i nterferenceXaround a carrier? 

1. A wave analyzer 

2. A panoramic adapter 

3. A distortion analyzer 

4. A pulse analyzer 

^ Que^stions 5-47 and 5-48, on the subject 
of shielding, are to be judged T^rue or 
False. ^ > 

5-47. If a metal box, used within a transmitter 
. to shield components, has even a few 
3/16"-diameter ventilation holes in it, 
there is so much RF energy leakage that 
the shield is vlirtually useless. 



Ithough shielded wires (wires with a 
braid inside the outer jacket) are. some- 
times found in older transmitters, it is 
now recommended that they NOT be used 
in transmitters because they create 
excess radiation. 



Learning Objective: Describe 
the method of deternpH'ng the 
overall field strength 
estim4^.^_^_j J . 

5-49. At how many an^what points on the 
antenna shouldfyou take the field 
strength measurements to be a^veraged 
for estimated overall field strength? 

1. Four -- front, back, and two sides 

2. Two -- front and.^back at exactly 
the antenna midpoint 

3. Six -- front and back at , the ^ 
following locations: adjacent to , 
t^-ansmitter, midpoint, and at the 
extreme end of the antenna 

4. Four -- front side adjacent to the 
. transmitter, front side at the 

farthest point from the transmitter, 
and front and back ^t the midpoint 



Learning Objective: Describe 
and explain some of the minor 
maintenance procedures relative ♦ 
to single-sideband equipment. 



5-50. Why is it so. important that the frequency 

adjustment of single sideband suppressed 
I i carrier (SSSC) equipment be extremely 
^ accurate? 

1. Because tolerances set by FCC are 
stricter for SSSC than other types 
of equipment 

2. Because if the frequency of the 
received carrier does hot exactly 
match that of the local oscillator 
of the receiver, the system goes 
into "reset" condition and remains 
inoperable untiVan adjustment is 
made 

Because tire carrier, h^ing been 
suppressep (not transrfn tted) and 
th^n reiwerted at the receiver, it 
must be a^pre^isely the original 
frequency Tjpr the demodulation proc- 
ess-to work property 
Because of the high number of SSSC 
equip^ments ia by the ftavy and ' ' 
the consequent ^all allotment of" ^ 
the frequency ,sp^trum assigned to 
each ^ ''^ 
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'51/' When checks show that the carrier 

oscin^or 1s out/ Of tolerance, what 
should the first /step be In seeking to ^ 
correct the probrem? 

1. Inspection and Resting of the vacuum 
^ubes \ 

2. Adjustment of thevoscHl^ator frequency 

3. Checking and adjustment of the 
regulated voltage applied to the 
circuit ^ 

^. Checklno^and adjustment of the out- 
put sigfnal voltage 

5-52. In the adjo^ment of a balanced modulator, 
after some other checks are made, a test 
tone Is Inserted Into the SSB exciter 
, nclrcult, the output of which goes to an 
AM recover. What should you do then, 
folldwlng step-by-step procedures 
contained In the equipment technical 
manual? 

1. Adjust the balance control for 
minimum tone output from the recajyrer 

2. Adjust the balance control for 
maximum tone output from the receiver 

'3. Adjust the balance control to achieve 
a certain meter reading as designated 
^ in the -t€|chnical manwal 

4. Adjust the balance control until .a 
series of clicks is heard from the 
receiver 

.5-53. What is riormally the right action for an^ 
operator to take if he has reason to 
* believe that the sidebJnd filters of an 
^ SSB transmitter are NOT achieving their 
purpose? • . ^ 

1. If they a»e mechanical filters, report 
themi if crystal filters,* ad just them 

2. If they are miec^anical filters, ^ 
replace them; if crystal, filters, 

/ , adjust them ! 

3. Whether they are mechanical or ^ ; 
crwstal filters, adjust thenf 

4. 'Whether they- are mechanical or 
^ . crystal filter?, replace them 



5-54. What should be the frequency and 

amplitude relationship of the two tones 
applied to the input of the SSE trans- 
mitter for the "two-tone" test? 
L Equality in amplitude, difference 
in frequency of about 1 Hz 

2. Equality in amplitude^ difference 
in frequency of about 1000 Hz 

3. Difference in amplitude o f 2^, 
difference in frequency ''of aWut 
100 Hz • * 

4. Difference in amplitude of 50%, 
difference in frequency of about 
100 Hz 



5n55. 



5-56. 



1 



The measurements of peak envelope p6wer 
(PEP) an4 peakHtdeband power (PSP) are 
both made'using the two-tone system, and 
are qu^fte similar. What testing equip- 
ment usually gives the results of the^e 
tests? 

1. Spectrum analyzer or voltmeter 

2. Oscilloscope pr voltmeter 

3. Spectrum analyzer >or oscilloscope 

4. -Panoramic adapter of voltmeter 

What is the function of a transmitter ^ 
monitor- panel or unit? 

1. To serve as a receive^r for the^ 
transmitter in use so that»operStor^ 
can hear and qual ity-control • the 
output of the trdfismftter 

2. To display a light and rjng a- bell 
any time the transmitter fails or 
misfiinctions 

To' switch the' transmi^ter^to d.c. 
power in case the a.c. power falls 
To sample voltages or currenjf at^ 
various places in the traKsmittgj/ 
*as a quality cheqic on the proper 
operation of particular circuits 



3. 
4. 



earning Objective: Des^ribe^, 
,^,nd explain procedures involved 
in the "two- tone" te^t, equip- 
ment' used for the measurement 
of peak envelope power and 
p«^R sideband power, and the 
function of a transmitter 
monitor pant 




Learning Objective: Stattthe 
l^asic capability of an 'analog 
computer, the names of the ^ 
basic sections of ayllgital 
comp^iter, ana the function of 
a> "marginal ' checking" circuit. 



5-57. What are the basic sections of a digital 
computer?. ^_ 
1. Input, controls memory, ar^i^thmetic, 
^ ^ storage ^ ^ ' 

«2. Inpdf/output, dffntrol , memory, ^dd/ 
^ subtract, multiply/divide 

3. Input/output, control, memory, 
arithmetic, verification 

4. Inpi^t, control, memory, arlthmetiq), 
output ^ 
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What is the basic capability of the 

analog computer which enables it to - 

perform .the various functions for which 

It Is utilized? ^ 

lj,i.4;mivert1ng vol tage and -t:urrent values 
"^^^ri^o did|ital form and converting 

digital data into yoltages or currents 
to operate Controls and indications * 

2*. Converting voltage (but not current) 
into qigltal form and con^er^ng 
digital data into vol tages /^^be 
, used as input to control and 'iWl ca- 
tion circuits 

3* Converting currents (but 4iot \ol tage) 
into digital forriTand converting » 
digital data into currents to' operate 
'' controls and indications 

4, Performing the/ process known asT^., 
"repeated addi.tion.«. / 

What function^es a "marginal checking" 
circuit *in a dT^rxal computer "perform? 

1. To check voltage input to and output 
from individual circuits to ensure 
tha't they are within tolerance 

2. nj-^check current and voltage at 
various specific checkpoints to 
ensure that they are w>^hin tolerance 

3, Tp detect frequency drift, and 4vspl£(y^ 
a warni^ if any output signal fi'e- * 
quen^cy dpfts near the limit set by 

' FCC \ 

4, To defect aging of parts before 
failure occurs > 

Learning Objective: State the 
names of v^irious typesj of trouble 
source, checks , and distinguish 
among three classes of mal^ite- 
nance programs. 

^-TT . , 

What are the names of tj^e various 
diagnostic program area checks used in 
locatkng sources, of eguuipment trouble? 

. ' bvert^fpplng^^a;r^qfiare.^^ 

2/ Increasing area ^'"decreasi ng. area , - 

overlapping ar^a, ^^Ji^S^ 'M^^'^ 

3. IncreasirlJ" area. dedreasiJjf are^ , 
Venn .intersect search, vector ^arch 

4. ^ Increasing area, decreasi'fvS area;> 

Venn Intersect search, spiral search 



In questions 5-61 through 5-63, select from 
column B the class ^of ma.intenance program 
yftssociatfrd with the purpose for which it is 
used, as listed in column A, 



A. Purposes 



'5-61,, _,To detect the exi.s- 
" tence of errors 

5-6?. To locate the circuits 
in which malfunctions 
• • originate 

5-6^ To serve as an aid 
\ for operational and 
maintenance program- 
'ming procedures, to 
Sprint outMnfdrmation 
from storage, and to 
transfer maintenance 
programs into meFnory^ 



C)l asses of 
Program 

diagnostic 

Reliability 

Utility 



s 



Learning Objective: tletermin^ 
the contents of a memory loca- 
tion by analyzing the rriput 
of the computer, ^ 



5-64. The me^mory of a computer has beeir 
cleared, and the computer has been 
instructed to read a^ group of jc^rds and 
perform a cumulative* add function, 
storing and add.ing to the subtotal in 
memory. It inputs ca»*ds containing the 
following data/instructions: 1, 2, 
HALT, 3., 4, 5, 6; CLEARJJEMORY . What 
valu^ will then be in vfne^emory? 

2. 18 . ^ ■ 

3. 3 

4. 0 




= — — • ■ " 

'Learning Objective: Explain 
the importance of correct 
usage of pranel controls; 
state practices which will 
help you benefit from' 
making tests at various 
control setting 

5-45- For which hf the following reasons should 
you be knowledgeable of the correct usage 
of front panel controls and attentive as 
you operate them? , L 
"1. Because if you use and observe\them 
correctly, you may discover potential 
trouble in its fearly sta'ges • 

2. Because if you operate them incor- 
rectly, your deductions about the cause 

^or:^lpca|ion of the problem are les-s 
I 'Tilc^'ly Ito be accurate 

3. Because if you operate them incor- 
rectly> you may^ damage .tha^ equipment 

4. All of the above 

5-66. What should you do t7help you retain a, 
compare the results of tqsts -taken a 
vacious control settingts? 

1. Notice exactly how the controls 'were 
set each time and make a special 
effort to, remember the settings, 

.results, and other pertinent facts 

2. 'Record carefully the settings, results, 
/and other pertinent facts 

3. - Make marks on the equipment to show' - 

what the settings were, vid remember 
"the results and other pertinent facts 
* 4. Have an assistant observe the test 

and help you remember thfe settings, 
resits, and other pertinent fact^^ 



5-68. 



5-69. 




5-67. 



Leat^hing Objective: State the 
basic requirements of a good 
telecommunications system. 

"m ■ 

What are, three ba$ic rei(^uirements of^ 
good telecommunications' systpm? 
1. It must be re^i'able, secure, and rapid 
It must te reliable, simple, and rapid 
It mustfD?^control'led, secure, and 



2 • , 



del 
It 



^nd^J^ 



♦Learning Objective: Identify 
the source of direction ^nd 
management of the Naval Tele- 
communications System (NTS) 
and the basic scope of the NTS^ 
and- the Defense Communication^ 
System (DCS) relative to the 
Navy. V 



^ho is responsible for directing the 
operations and control ling thi^ manage- 
^ ment of the elements ofsthe^TS? ' 

1. Comrteinder, Naval Support Force 

2. Commander, fJayaXJrelecommunikations 
Cdmmind Headquarters J'^^ <x 

3. Director/ Federal Communications 
Commission ' 

4^. Dir^ector, Command and Control 
Support. ^ , * / 





is the prlma^y^tstinction, insdC^r 
ea of coverage^fi concerned, •^between 
Naval. Telecommunications Sypjprti and 
"^-^ensftJ^omrtiunic&tions System 
e tdithe Navy? 
NTS facilittes are fleet- 
iateti, and the Navy DCS upits 
im^ily shpre' facilities 
vy uGS^nits are fleet-/ 
associated, andlthe NTS facilities ^ 
are primarily sHo?eofacilijne§ 
Navy teletvjpe writer commu/i cations 
is within fhe'reilm of the NTS; 
Na~vy' communicatiqps by -any ofher ' , ' 
means is under th* cognizance of 
theDCS \ 
Navf teletypewriterVqommunjcatioris 
is within. the realm oT^Hh^ DCS; ^ 
Navy communicatiofj^B by any other 
eans is undeV the cdp>izance. of 



easy, secure, and rapid 
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Learning Objective: Demonstrate 
a basic familiaHty? wdth 
OPORDERS, / 



Learning Objective: Match, 
the names and functions of 
elements of NTS.'* 



5-70. Which of the following statements 

' concerning OPORDERS.is correct? . 

1. The commandirig officer of a ship / 
receives OPORDERS from the applicable 
fleet commamder ig chief, and must 
always take action^ on ihem in their 
entirety * 

2. The cofrniartdfng officer of a ship 
^^eceives• OPORDERS from the applicable 
fleet commander in chief, and must 
select anci take action^on those 
parts of the OPORDER that apply- 
to him . 

3. The commanding officer of a ship 
doe^s not receive OPORDERS, as these 
are handled at a higher echelon, 
and any necessary orders are 

J .'[^excf rpted and transmitted to him 

4. *«0P0RDERS are originated by individual 
ship cojnmanders, and publicized to 
the staff and crew of his ship 
for compliance 





In questions 5/71^ through 
element^ iifr^*tlj»lumn B with 
or characteristics in col 



Charac- 
teri sties 



5-71. 




5-74, match the 
their descriptions 
umn A.^ 

B. Elements 



t 



a SS I ri.ed^as 
either a trans-^ 
mitting or a 
receiving star 
tion, and > • 
4^Liffixed, ther^ie- 
Ve, by 
or^'R.'' May 
be located . 
a gr^t dis- 
tani^e from th.e 
la/jgep element 
bf'which it is 
a componer)t 



5-72. 



NOT a part of 
the basic 
communi cati on 
jstructure, but,^ 
rather, usual ly^ 
created fo satisfy 

\a special r^8ed jn 

support of a^arti 
u^r mission or 
function «. 



\, NavTal Communica- 
tions .Stations 
- (NAVCOMMS|As') 

2. Naval Communica- 
yqn linits^ 
(NAVCOMMUs) 

3. ""Nava'l- Radio 

^ Stations ^ 
(NAVRADSTAs) ' 

4. Naval Commufiica- 
jb^ns Tech|(ica4 , 

/Groups / 
. ^ (NAVCOMMTECHGRUs)' 

. . \ \ 




.•'X 



0 



5-74. 



. lecommunications 
faci'l iV that is 
assigned a 1 imited or 
special i zed mi ssion. 
It^ personnel and 
facil i tie^are some- 
what limited 

Has "a primary'responsi- 
bil i ty Jor - communication 
facilities* and equipment] 
to provide fleet support/ 
and ^ixed communication 
service, and to inter- 
face with other communi-- 
cation units 



\ 



\4 
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Assignment 6 



iQWrnJ^ICttions Orgdrv'lzatlon (Continued); Communications Security ' ' ^ 



Ttxtbook Assignment: Pages 183 - 204 



Learning Objective: Give brief, 
general descriptions of some of * 
the facilities, functions, arft 
organization of the Defense Com- 
. ' municatlons Agency (DCA). 

' ^ Judge whether questions 6-1 through 6-4, 
^ relative to the DCS and the Defense Com- 
munications Agency (DCA), are True or False. 



6-1. 



6-2. 



6-3. 



>4. 



6-5.. 



DCS circuits are goverr 
eased and are po.lr^t^to* 



T,t-owned or 
5o1nt circuits 



hat are long-haUl And world-wide. 



The DCS exists to support the Navy, 
Army., Alr Force, and other Department^ 
0/ Defense activities, and It combines^ ^ 
elements fwm the three military serv- ■ 
Ices Into a single conmunlcations 
system. ' 



It Is Important that each message 
rema1ns« within the same system (NTS'of 
DCS) In which It originated until ft 
reaches Its destination. 

The DCA, under the management of a 
genejfal or flag rank officer, 
operational control oyer the D 




learning Object+¥er Mcjpntify ^ 
the locations of operational 
centers and organization of 
• Area Conrnunicat'l ons Opera,tiDns 
Centers (ACaCs)< 



Where is the focal point for world- 
wide operational centers of the DCA? 

1. DCA Operations Center, Naples, 
Italy 

2. DCA Operations C-enter, Guam 

3. DCA Opera'tlons Center, Washington, 
D.C. • • 

4. DCA Operations Center, Norfolk, 
Va. 



6-6. What is the name of the centers which 
are subordinate to the ACOCs? * 

1. Field Communications Operations » 
Centers (FCOCs) 

2. Limited Communications Operations 
Centers (LCOCs) ■ ^ , . ^ 

3. District Communications' Opera ti^ons 
Centers (DCOCs) 

4. ^Regional Commun teat ions Operations 
, Centers (J^Qfs) 



Learning Objective: BrJ^fly 
and generallyf des'cribe the 
organization, of Naval Com^iu- 
nications Areas (NAVCOMMAREAs) . 



Into how many Naval Cortnunications 
Areas is the world divided? 

1. Five 

2. Six , ' . ^ ' 

3. \Three 

4. Four . ' ' 

What is >the name of the organization 
withlji each Naval Communications Are^ 
that^exercises coordination and con- 
troHof all naval communications 
system fleet broadcasts, ship-to-ship, 
air-ground, and other tactical circuits? 



1. 

2. 

3. 
4. 



Naval Communication Area Master 
Station 

Naval Telecommunications Center/ 

Message. Center 

Technical Control Facility 

Naval Liaison and Control Facility 



Learning Objective: Match orga 
zational segments of ilAVCOMMST^ 
NAVCOMMUs with their tjescriptioy^ ^ 
or characteristics. . 
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1 s :> ^ ^ 



6-13:. 



*• Naval Telecooinunlcatlons Center/ 
Message Cenler (MTCC) 
Fleet Center 

Technical Control FaclHty 

ma 



D. 
TT 
F. 
G. 



CryptodV^Dhlr.CgntPr ^ 

Rivy Cbnmerclal Ref1]e Facility 
l^ec 



(Receiver Site 
Transmitter Site 



"List 6A. 

In answering questions 6*9 through 
^ 6-15» use the preceding list of prgan- 
IzatlonaKsegments which are Included at var- 
ious NAfCOMMSTAs/NAVCOMMUs, according to the . 
e)t4»f*1^9 need. (In this group cTf qOestlons, 
use each organizational se^ent once.) 

6-9. Whlch^ organizational segment receives 
radVb frequency energy and converts 
It to signals which are routed to the 
Technical Control Facility for further 
processing, ^nd Is responsible for 
receiver tuning, DC/AUdIo patch manip- 
ulation, quality monitoring of received 
signals, and antenna control? 

1. D 

2. E 

3. F 

4. G ' - ^ 



Which organizational segment ^ receives 
analog or digital data from the Tech- 
nical Control Facility and^radlates It 
In the form of radio frequency energy; 
arid Is responsible for transmitter 
tuning, DC/Audio patch panel manipula- 
tion, quality monitoring of transmitted 
signals, and antenna s«w1tch1ng? 

1. C 

2. E 

3. F 



4. G ^ 



6-14, Which organizational segpient provides 
Interface between shore and afloat com- 
munication systems, ut111z1ng,,sh1p-shore, 
air-ground, and electronic courier cir- 
cuits, among others? 
K A J ' 

2. B 

3. C 
V. 4, D 

6-15, , Which organizational segment Is the 
%, core or focal point of the communlca- 
>ft)1ft|^department ashore, from which 
a^l^'iPtter-patchlng among the various. 
d1v1s1on$*i^kes place? 

1. A - \r 

2. B - 

3. C ^ 
4; E 



6-10. 



6-11. 



6-12, 



Which organizational segment is NOT 
phys1ca.l part of a NAVCOMHSTA or 
NAVCOMMU, but serves a n^ed by ^-o- 
vldlng a message service^ either^ 
ashore or afloat, where there is a 
need for such service because of a 
heavy volume of messages? . 

1. A ^ 

2, B * 

-J r ^ 



[jpfent provides 
vernment- tele- 



Whlch organizational 'S 
Interface between. U.S, 
communications systemj|(|||id commercial - 
systems (domestic, foreign, or inter- 
national)? 

1. A * . 

2. C- 

3. E , . 

4. G * 

Which organizational segment is respon- 
sible for message proce'ssing and ac- 
countability for Jop Secret message ' 
traffic, provides an off-line crypto 
service, and assigns routing of en- 
.crypted traffic within the coimiand? 

1. A 

2, C ^ X 
3-, D ' * 
44. .F 



Learning Objective: Briefly and ^ 
generally describe shipboard V 
organization and functions rela- \ 
tive to communi cations 

■ . ^ — . . 

6-16. In ships that do NOT have a communica- 
tions department, to what department 
are communications personnel assigned? 

1 . Administration 

2. Security 

3. Operations 
'4. Siipply 
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In gu«$t1ons 6-17 through 6-20, seleGt^ from 
co1u(nn B the shipboard operational organiza- 
tion billets that-are described in column A. 



A, Descriptions" 

;^17. Responsible to 
^ y the cdwnunication^ 
, • officer for nwin/ 
taining optiinum 
utilization of a 
goQti, effective 
\ communication sys- 
,v tern. Responsible 
^♦f . • for compliance with 
' .V di recti ves^^nd for 
accurate and jfapid 
handling of traffic 
* within the cornnuni- 
^c^cation organization 
^of the ship . 



Billets 

1. Coiranunication 
watch officer 
(CWO) . 

2^ Senior watch 
• supervisor 
(SW5) 

3. Main coimurii- 
cation super- 
visor 

4. Technical 
control 
supervisor 



6-18. .Responsible to the 
CWO and SWS for 
supervising message 
processing and cir- 
cuit operation. 
^ Directly supe^rvlses 
all Racjiomen on watch 
In the message proc- 
essing area 

"6-19. Responsible to the 
CWO for all communi- 
cations. Examines 
Operational logs and 
monitors equipment 
.,^ alignment and opera- 
* , tion. Endeavors to 
- , prevent or eliminate 
backlogs of messages 

6-20. Ensures the use of 

monitoring and quality 
control on aTl opera- 
ting communications 

* iyst«n)S. Also main- 
tains the status board 

• \Whiaih displays informa- 
tion relative to all 
equipment, nets, and 
circuits In use 



^ Hlse list 6B in answeVinlg questions B"?] 
, through 6-23. These questions relate to * 
responsibiUties/duties on a ship which has ^ 
separate officer assigned to each of tha billets 
shown. Select the officer who has the resp^'^sl'' 
bility or duty described in the question. 

6-21. Full responsibility for the internal 

handlitig of message traffic within^ t^^e 
ship. 

1 . ^ A 

2. B . 

3. C .• ^ 

, 4. E 

6-22. Responsibility for being cognizant 

all coimunication annexes to Operatl^*^ 
Plani affecting the mission of the s'^lp , 
'in order to advise the commanding offhe^ 
in respect to them. ^ 

1. A 

2. D 

3. E , . 

4. F 

f, 

6-23. Preparation maintenance of the w^tch* 
ijuarter, and station bill. 



6-24, 



A. Administration officer 

B. Coinnanding officer 

C. Executive officer 

D. Communication, officer 

E. Radio officer 

F. Seojr'ity. officer 



List 68 
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2f D 

3. E 

4. F 



Learning Objective: State which 
portitin of an OPORDER or related 
^attachment. or publication is of 
particular benefit to Radiomen. 



If you, as -^a Radioman, want to famil^^'iz^ 
yourself with the identification of ^^le 
circuits, 'equipment, frequencies, et^* 
of direct concern to a particular op^^a- 
tion, where should you look? 

1. In the body of.^the appl i cable, op^^a- ' 
tion* order, in*,,the paragraph dealing 
with xoinnuriications 

2. In the communication ann^x to th^ 
applicable operation order,^.or i'^ 

a separately-promulgated d^iimunl^^r 
tion operation plan (ComOpfftan) 

3. In addendum 23-C of the applicable . 
op^ations order (OpOrder-, AddV ?3.c) 

.4. In supp^lement C of the applicable 
OQfirationS order (OpOrder, Supp. C)' 



Learning Objecftive: Describe, in 
general., the/^rganization, fun,ction5» 
operation, and tools of the Standa^rd 
Navy Maintenance and Material Manage^ 
ment (3-M) System. 



ERIC 



25. What is the name of the area of the 
3-M system that deals with planning, 
scheduling, and controlling preventive 
maintenance in order to sustain the 

• perfonnance*capabili ty^ of the equipment? 

1. The Planned Maintenance System (PMS) 
A The Preventive Maintenance Quality 
* Control System (PMQCS) 

3, The Preventive ifcitenance Inspec- 
tion System i?fvft 

4. Thf Scheduled F^reventive Maintenance 
System (SPMS) 

26. What are the basic taols of the 3-M 
system? 

1, The Quarterly Schedule, the. Monthly 
Schedule, the Weekly Schedule, 
Maintenance Requirement Cards (MRCs) 

2, The Cycle Schedule, the Quarterly 
Schedule, the Monthly Schedule, 
the Weekly Schedule 

3. ' The Semiannual Schedule, the Monthly 

Schedule, the Weekly Schedule, Main- 
tenance Requirement Cards (MRCs) 

4. The Cycle Schedule, the Quarterly 
Schedule, the Weekly Schedule, Main- 
tenance Requirement Cards (MRbs) 

-27. ^What-are Maintenance Requirement Cards? 

1. Card^ used to assign preventive 
maintenance tasks to specific 
individuals by date, and to record 
signatures, completion dates, and 
annotations as to any peculiarities 

.found while performing the work 

2. Cards on which are listed the 
enlisted rate,- time, tbols, parts<^ 
and materials required to perform 

' each applicable preventive main- 
tenance task, as well as procedures 
and safety precautions to take 

3. Cards^on which are listed the pre- 
^ ventive maintenance tasks for the 

current week and thje following week. 
Th^se cards are inserted in the 
Maintenance Control Board, and kept 
up to date by the department head 

4. Cards on which are listed any 
^required maintenance tasks that 
are outside the scope of assigned 
^prsonnel. These cards will be 
used as source documents for 
requesting outside assistance 



6-28. What is the Maintenance Data Collection 
^ System (tlDCS)?^ 

1, A system of documenting, results of 
daily equipment inspections and of 

, estimated and actual expenditures of 
man-hours and material relative to 
preventive and corrective maintenance 

2, A system of recording results of 
equipment inventories, condition of 
each piece of equipment, and amount 

i of mairrtenance-related down time it 
has had, if any, during the current 
quarter. ^ ^ * . 

3. ■ A system or documenting man-hours • 

expended, material expended, and 
^ equipnjent downtime in connection witti 

corrective maintenance 
4'. A system of document'^ng man-hours 
expended, material expended, and 
equipment downtime in connection 
with preventive maintenance 

6-2^. For what should a Work/Request be used? 

1. To request outside' assistance when 
-the maintenance action is outside 
the scope of assigned personnel 

2. To charge the maintenance officer 
y with the r-espqnsibility for aj:com- 
/ plishing specific maintenance tasks 

' 3v To serve as a sour<5te documei^ for 
C posting the task to the Maintenance / 
^ Control Board, which will als^dis- / 
play a deadline date by which time/ 
the ship's maintenance perst)nnel 
must have accomplished the task 

4. To assign tasks to each of t*ie main- 
tenance personnel ^ ^ 

6-30. Where are the spare parts allowance » 
lists found? 

' • 1. In the' Consol idateB Shore Allowance , 
List (COSAL) (shore aotivivties)., . 
and the Electronits Repa^ir Parts 
Allowance List (ERPAL) (^hipboard) 

2. In the Consolidated Shore Allowance 
List {COSAL) (shore activities), 
and the Afloat Replacement Parts 
Allowance List (ARPAL) (shipboard) 

3. In the Consolidated Shipboard Allow- 
-ance List (COSAL) (shipboard), and 
the Electronic Repair Parts Allowance 
List (ERPAL) (shore activities) 

4. Tn the Condensed Shipboard Allowance 
List (COSAL) (shipboard), and the 
Electromagnetic Replacement Parts 
Allowance List (ERPAL) (shore activ- 
ities) 



6-31, The allowance lists ^re adjusted accord- 
. ing to usage rates. How are usage rates 
determined? . 

1. 'By the reporting of failtlres as pre- 

scribed by the 3-M system 

2. By applying the percentages shown on 
a standard probability chart to the 
record of equipments held *♦ 

.3. By the use of a formula devised by 
a special study group on logistics 
4. By the study of quarterly report^ 

of usage received from all applicable 
activities 



Learning Objective: Explain the 
management of the Naval Warfare 
Publications Library (NWPL), 



6-32. 



6-33. 



What af? the titles of (a) the officer 
or senior petty officer responsibl^e 
for the^management of the NWPU, and^ 
(b) his assistant, who files, makes 
^1 ication" changes , etc? * 
r (a) The Na\/'al Warfare Publications 
Officer (NWPO),- 
(b), the NWPL Assistant 
("a) Thfe Naval Warfare Publications 

Officer (NWPO) , • 
(b) the NWPL Clerk . 

3. (a) The Naval Warfare Publications 

Custodian (NWPC), 
(b) the Nl(tf4?*^Cl^rk <^ 

4. (a) The Naval Warfafe Publications 

Custodian '(NWPC)» 
(b) the Naval Warfare Publications ^ 
Librarian a 

What are some'^f the files used in the, 
maintenance of the NWPL? 

1. Signature file (cards containing 
specimen sigr^atures of all users of 
the NWPL), custody file (cat^og 

• card for' each applicable publTcatid*^^ 
on-allowance or on board) 

2. Administrative file (catalog card 
^for ea^h applicable publication on 

allowartdie or on board) t- transaction 
file. (record of dates and times of 
•all publication check-out/check-in 
transactions) \ 

3. Signature file (cards containing 
specimen signatures of all users of 
the NWPL), administrative file 
(copies'of correspondence pertaining 
to naval warfare publications) 

4. Custqdy file (catalog card for each 
applicable publication on allowance 
or on l^oard)» administrative file 
(copies of correspondence pertain-\ 

' ing t9 naval warfare publications) ' 



6-34. What colors are assigned to th6 binders 
for NATO and U.S, tactical warfare pub- 
lications? 

1. Secret - red. Confidential - yellow. 
Unclassified - blue, with no , 
exceptions 

2. Secret - red. Confidential - yellow. 
Unclassified - blue, except that 

all of th6 FXP series, regardless 
of classification, are red with wide 
yellow" stripes 

3. Secret - red. Confidential - yellow. 
Unclassified - blue, w'tth the fol- 
lowing exceptions^ NATO classified 
(a)|v degree) - red, NATO uncTassi- 
fiW - white 

- 4. Secret - red. Confidential - yellow. 
Unclassified - blue, except that 
ail NATO publications, regardless 
of . classificat1t>n , are white 

6-35. It is imporfantvto fol low proper ^pro- 
cedures when changes to NWPL publica- 
. ^ tions awe made. Select 4 >response in 
which aUjBAie procedures described are 
• correct. ^I^Jt^ ^ 

1. Before the change is made, check 

. the effective date to ensure that WU 
the ^:hange is effective; make 
changes in red ink 

2. To make a iSRigthy pen-and-ink cor- 
.rection, carefully cut the affected 

sheet out of the^publication, insert 
itMn the typewriter, line out the 
superseded material, and type the 
new material on the top and bottom 
margins; then fasten the sheet back 
"in the publication, using a good . 
^^ummed tape . 

3. - To make jisVengthy pen-and-ink cor- 
. rection, prepare a typed cutout; 

' * then, with^a sharp knife or scissors, 
carefully cut a^l superseded material 
out and ^place it with the typed 
cutout^/ . ^ , 

4. ' Attach flaps to the binder side of 
the page when there is rqom enough 
for a cutout; afte)r. pen-and-ink 
corrections are ma^^.jjiake notations 
in the margins adjacSn^^to the 
entries, giving^ the souic<;e of the 

- corrections ' 



6-36. 



What would the designatiqa^*'^/^" after 
"NMC" on a correction recfived by base- 
gram mean? ^' * -^j " 
1. It is the 6th message cOWction land 
Sfwill be incorporated into the publi- 
cation by prit^d change number 2 
It is the 2nd'messa5e correction and 
will be incorporated into the publi- 
cation by printed change number 6 
It was" sent ig Fe|3ruary 1976 
It was sen«t on the 2nd of Jun^ 



2. 
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6-37. When the relieving watchstander signs 
^ the watch'to-watch* inventory 'of NWPL 
publications, to what is he attesting 
; other than the fact that he is assuming 
responsibility? 

1. That he will inventory the publica- 
tions carefully, including page 
check if required, during his watqh 

2. That the off-going watchstander has 
personally declared the security of 
the publ ications 

. 3. That a sight inventory of NWPL pub- 
lications was conducted by the ^wo 
watchstanders , ^r\d any required 
page checks were conducted 
4. That he has carefully checked the 
communications log of -the previous 
watch, and has sighted publications 
received acid custody cArds prepared 
during the preceding watch ^ 



38. 



6-3J 



6-39 



w 

(a) 



(b) 
(a) 



6-40. The cryptocent^F file contains a copy of 
each Top Secret and 5PECAT message and - 
other messages designated by the command 
for special handling or privacy. What 
other mes<^flges, if any, does the file 
contain? 

1. All Confidq^ntial and Secret 

2. All Secret and only those Confidential 
that pertain directly to fleet opera- 
tion^ 

3. All Secret, but no Confidential 

4. None 



6-41 . 



In new or revised publ icati^ons , (a) is 
the effective date always the &'me for 
U.S. and Allied usage, and (b) where 
is the effective date located?.- 

1. (a) Yes, (b) in tfie foreword ■ ^ 

2. (a) No, (b) in the foreword 

3. (a) Yes, (b) in. the U.S. Letter of 

Promulgation - 

4. (a) No, (b) foV Allied usage* in 

the foreword; and for U.S. 
usage, in the U.5. Letter of 
Promulgati6n ' \ 



L^^rning Objective: Describe the 
method of filing, and the method 
and time of^JJpstruction of some 
of the basic files. 



g^(a) What should the communication center ^ 
'file contain , and' ?b)/ in what sequence' * 
should the contents be filed-? 
"1.. (-a) A copy or filler of all messages 
sent of* received by the command ■ 
and processed by- the communica- 
tions center, 
(b) insofar as possi'ble, by DTG . 
2. '(a) A copy or filler of all messages 

sent or received ^bv *the fomiidnd :^ 
and processed bj^ *tne comm#ijrvf;a--'^,: 
tions center, "-^^ • J :t ■■ 

sequerittal ly Uir daW, but r-an^j, 
domly within trf^same date 
A. copy (no f i 1 l^rs ^aQI^^'^^rof ^ • 
all. messages seat ar*:recefved 
by phs^ command and processed by 
the*communications center, ' 
insofar as' possible, by DT6 ^ 
A copy or fiMei^'if all unclas- 
sified (but not classified! 
messages sent or r*^eived by the 
scommand and 'processed by tm com- 
munications center, ^ 
(b) insofar as possible, by DJG 



6-42. 
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The general message file contains a copy 
(of all general messages that require 
ret>^ntion by the command. How are they 
ffled? 



1, 



By DTG.^ Each month's messages are 
filed rfr^ a ^parate folder, and the 
folders are filed chronologically- 
Subdi\^ided according to title (ALNAV, 
*ALCOM, etc: ), and files are arranged 
in serial number order 
Chronologically by subject 
In one folder in strict chronological 
order " ' - - 



The* broadcast* f^le contains a copy or 
fiUer^f every message received via 
-^the broadcast methqj. In this file, 

(a) in wh-at- seqfl&fcijf should messages be 
filed,^ gfnd (b) what is the period of 
retention ^fteHjwhi ch vmessag[es are 
destroyed? ^ 

1. ^ (a) By broadcast number, 

(b) 30 days 

2. (a) By broadcast numberj ^ 
\ (b) 10 days 

3. (a) By DTG, 
[b) 10 days , 

(a) By DTG, V. j 

(b) unclassified, lO^days; classified, 
90 days , . 

Normally, (a) what period of time i-s 
covered by the supervisor's log., and 

(b) how often are entries made in it? 

1. la) A radio day, beginriing at OOOIZ, 
(b) at least once an hour 

2. (a,) A radio day, beginning at 0800Z, 
(b) at least onae an hour, 

3. (a) A, radio day, beginning at 0001 , 

local time, 
Ab)' eyery^four hours, beginning at 
™ 0400, iQtal time 

4. (a) One week, beginning at OOOIZ 

- each Sunday, 
(b) at the clx)se of each watch 
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6-44. According to regulations, what Is the . 
minlmuip time for which messages In the 
following categories must be held: (a) 
Incident ^o distress or disaster; (b) 
incident to or Involved^ a claim or 
complaint of which the command has been 
notified; (c) historical or continuing 
' Interest? 

jThree years, (b) two yi^rs, 
(permanently ^ 
Four years, (b) two. years, 
permanently 

Two. years, (b) three years, 
seven years 

Three years, (b) three years, 
five years 



Learning Objective: State a 
m^hod or some methods employ- 
ed to train personnel and 
enable them to perform their 
tasks more efficiently. 



1. ( 


la) 






2. j 


i 




iC) 


3. 1 


[a) 








ic) 



\ 



6-47. In what publication is the Navy Infqrma- 
tioi\^Secur1ty Program Regulation found? 
K OPNAVINST 4790.4 (series) 

2. OPNAVINST 5510.1 (series) 

3. OPNAVINST C5510.93 (series) 

4. ACP 122 



Learning Objective: Identify 
the administrator of the Navy 
communications security program. 



6-48. To whom has CNO delegated the authority 
for administering the SUvy communications 
security program? 

1. The Commander, Haval Security Group 

*2. ^.he'lHce Chief of Naval Operatjons . 
3. Th0 Deputy Chief of Nava^ Operations- 
(Fleet Operation^'and-Readriness) " 
' 4.' The Dep^uty Chief bf 'Naval Operations 
(Plarvs and Policy) ^ • 



6-45. Which of the following methods is/are 
employed to foster and reinforce the 
knowledge, readiness, and operator 
proficiency of comrmjni cations personnel? 

1. Cross-training' 

2. Scheduled checks and inspections 

3. Unscheduled checks and inspections 
4; All of the above 



Learning Objective: Identify 
the objectives of the recent | 
change in the classification 
system, the types bf material 
that should be classified, and 
the names and descriptions of 
the classification categories. 



6-49. 



6^4*6. 
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Learning Objective: Briefly 
describe espionage organiza- 
tion of today, anrdMdentify 
the publication dealing^with 
*th6^Navy Information Security 
Program Regulation. 



Which. of the followina are the usual 
(a) composition, and (b) work assign-v 
fhents of information-gathering espio- 
nage working forces of a country >jtdda 

1. (a) A small/isolated group 6f wr^ 

trained agents, 
* (b) TO talk secrets out of hi^h , 
-.^Ncanklng governmental persqnni „ 

2. (a) A small groyp of highly-trainedr 
agents, - 

to sli^^into offices at night 
and photograph mateVial 
A fairly large group of people, 
ta infiltrate military and * 
•dlitical fields only and report 
those things that sound important 
to them 

A large number 6f, people i 
b) to intermingle with citizens in 
..all fie%ds*and gather and report 
' even seepingly unirifportant dd4:a 




(b) 

(a) 
(b) 



(a) 



6-50. 
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A change has recently taken place in 
the system of classifying and declas- 
sifying security informaition. One 
^objective is to better protect clas-' 
sified material. What are two other 
objectives? 

1. To classify more official informa- 
tion and to declassify less official 
information 

2. To classify less official informa- 
tion and to declassify more official 
information 

3. To classify less official informa- 
tion and to declassify less official 
information 

4. To classify more official informa- 
tion and to declassify more official 
information 

What should be^ the security marking on 
security informatidn,*^the unauthorized 
disclosure of which could be expect^df 
to taUse serious damage to the national 
seccrrity^ 



1 

2; 
3. 
4. 



Top Sedret 
, Secra"^ ^ ^ 
Confiti£^ial 



5K InformatlonVvthe revealing of wWch 6-55. 
would be d^tljltnental to national security- 
should bear a security classification. 
Which, if any, of the following cate- 
gories of Information should also« be 
security-classified? 
Ic'^^lnfprmation regarding the personal 

life of one or mo<;e U.S. citizens 

only 

2. Information that would reflect 
unfavorably upon officials in 6-56. 
public office \r\ the U.S. Government 

onlsP 

3. Information regarding the personal 
life of one or more U.S. citizens, 
and information that would reflect 
unfavorably upon officials in public 

^ office in the U.S. Government * 

4. None of the «bove 



What special marking may be used only 
in messages and in automatic data pro- 
cessing of intelligence information,, and 
^indicates that the information is NOT 
r^ ^ ^ aiSable to foreign governments? 

2. " NOFORN 

3. LIMDIS 

4. FOUO 

What special marking' is used to confine 
the dissemination of copies of such mes- 
sages to those personnel specifically 
authorised to have access to that infor-^: 
mation on a need-to-know- basis? * 

1 . EFTO 

2. FOUO ^ 

3. LIMDIS 

4. Restricted Data 



52. 
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What should be -the security marking on 
national security information or material 
'the unauthor*iaed' disclosure of which 
could reasonably be expected to' cause 
damage to the national security? 



6-57. 



1. 
2. 
3. 
4. 



Top Secret 
Secret; 
Cpnf idential 
Restricted 



What should be the security marking on 
national security information or material, 
the unauthorized disclosure of which 
could reasonably be expected to c^use 
exceptionally grave damage to the 
national security ?f 



Crypto 
Top Secret 
Secret 
Confidential 



What special marking is affixed to 
certain unclassified mess^es to c^se 
them to be given cryptographic protec- 
tion during transmission? 
•1 . Top Secret 

2. xSecret | 

3. EFTO 

4. FOUO' 

What is the markirtg assigned to informa- 
tion that is to be processed only by 
those personnel*who have been authorized, 
in writ4^ig, by the commanding officer tjrg 
view it and which requires speciaj han- 
dling bel^ond that requir^by t^e , 
security classification assigned? • . • 

1 . Top Secret ' v 

2. • LIMDIS ' .jfc 

3. SPECAT . 

4. Restricted Data 



Learning Objective: Define 
various terms depicting - 
sjfecial handling. 



-54t4 What special* marking includes all data 
concerning the design, manufacture, 
• and7or utilization of nuclear weapons' 
and the special nuclear material used 
in the production of energy? 

1 . Crypto Data 

2. EFTO Data*, 

3. NOrORN Data 

4. Restricted Data ^ 



6-59. If a NATO-originated document rparkfed 

"restric^d" is to be -in^the U.S.* in the 
custody of U.S. personnj^l for a time, 
what should, be its marking, and like 
what U.s\ classlficat/ioa. should ft be 
treated?^ 

1, Restricted, Confidential 

2,... NATO-Restricted, Confidential 

f. Restricted, Secret 

4. NATO-Restricted, Secret 



Learning Objegiive: Describe *| 

the process ofl downgrading and , 
declassification of various 

c 1 as s i f i cat ions. • ^'i^ . ^ 



6-66. 



6-60. ■ Normally, when will a document classified 6-64. 
Tpp. Secret on 30 Sep 1977 be (a) down- 
graded to Secret; (b) downgraded to ' . 
Confidential; and (c) declassified? 
1. (a) 30 Sep 197QJ (b) 30 Sep 198rt, , 
. (c) 30 Sep 1987^ 
'2. a) 31 Dec 1979, (b) 31 Dec 1981, 
(c) 31 Dec 1987 ^ 

3. (a) 30 Sep 1982, lb) .30 Sep 1987, 
(c) 30 Sep 1992 

4. (a) 3rDec 1982, (b) 31 Dec 1987, 
.(c) 3.1 Dec 1992 

6-61. Normally, when will- a document classified 
Secret on 30 Sep 1977 be (a) downgraded 
to Confidential and (b) declassified? 

1. (a) 30 Sep 1978, (b) 30 Sep 1982 

2. (a) 31 Dec T978, (b) 31 Dec 1982 * ^ 

3. (a) 30 Sep 1979, (b) 30 Sep 1985 

4. (a) 31 Dec 1979, (b) 31 Dec 1985 , 

6-62. Normally-, when will" a oiocument classified 
Confidential on 30 Sep 1977 be declassi-' 
*fied? 
i: 30 Sep 1983 

2. 31 Dec 1983^. 

3. 30 Sep 1987 
^4. 31 Dec 1987 

6-63. Exemptions from the General Classifica- 
tion Schedule are made only sparingly. 
What is the criterion for making such 
'exemptions and when is specific permis- 
sion from the Director of Naval Intelli- 6-67. 
gerice (DNI) required to make them? 
K. It must fall into one of the four 
exemption categories listed in. 
OPNAVINST 5510. 1^, (series) ; ^^ben 
broad categories of Top Secret ^ 
, ' information are placed in an 6-68. 

exemption category * 
2. The judgment of the originator 
relative to the probable effects 
of declassi^fication on tha'security 
of the country; when more thap 1^ of 
s >a command's Top Secret information 

-/^ i«5 scheduled for exemption 
^ 3.. It mu5^ fall into one of the four 

exemption categories listed in 
*^ ♦ OPNAVINST 5510.^1 (serfes); when more 
than 1% of a command's Top Secret ■ 
inforniatjon is scheduled for 
exemption 

4. "^^he .judgment of the originator rela- 

tive to the probable effects of 
declassificatien on the securi.ty of 
'the cpuntry; when broad categories 
of Tot5^ Secret information are 
placed in agjfxemption (Category 



.1 



Which of the fol lowing Selections con- 
tains only approved markings, one of 
which normally appears in the last line' 
or paragraph of a classified message? 

1. ADS(), DDS(), XDDSOO, XCL() 

2. DDS(), GDS(), XXDSOO, SGCL() 

3. ADS{), GDSO, XGDSOO, XQL() 

4. ADDSO, DDS(), XGDS()(), XXDS() 



Learning Objective: Describe 
the ^srocess of marking and 
reproducing class^*f1ed mate- 
rial and of classifying titles. 



■ r 



^ Judge whether questions 6-65 through 6-68 
pertaining to classification -marking are 
Trueor False. 

L 

6765. The security classification marking of ■ 
clas/Tfifed material may properly be 
st<miped, printed, or written in large , 
""Otters, or typed rn upper case"^(all 
preferably in red). . 

- > ./ 

If a jDroperly marked classified document 
is reproduced, the cla&sif icati^j/Mnarking 
of ' the copy must be stamped or marked 
even' when the original marking has 
reproduced clearly. 



The correct location of paragraph mark- 
ings, such as (TS); (S), (f), {U), (RD), 
(FRD), U.K.(C), etc. , is ifnmediately 
precedfng and to the left of the part 
involved. 

Ti^:les. and subjects should be*cla;s^.si f ied 
as they stand alone, regardless of the 
classification of the related jdocument. 



ERIC 



i 



Leornins Objftctlve: Distinguish 
among diTferent categories of 
security aneas. ^ « » 



Use^the following as the alternatives- 
" f4>t questlorfi 6-69 through 6-71 : 



it 



6-69. 



i; 

2. 
3. 
4. 



Control! edtarea ♦ 
Exclusion area . ^\ 
Isolated area 
Limited area 

What Is the name of an area in which 
access to classified material can be 
gained by urjcontrolled movement, but 
such access can NOT be gained If escorts 
and pther controls are properly utilized? 

What/is the'hame of an area in which 
access to classified material can NOT be 
by uncontrolled movement, such 
eing used to provide administrative 
ol, safety, or a security buffer 
on for other areff^? 



6-71. What Is the name of an area In which mere 
access constitutes, for all practical 
purposes, access to classified infarmation 
or material? - 




In additlon^^to your other work, you are 
assigned thf responsibility of admitting 
without an escort, admitting with an escort, or 
refusing to j\dm1t personnel Into ^ copiunl ca- 
tions area. Using the discussion in your text 
book as a criterion, decide which of these 
actions you should take, on the basis of infor 
mation giyen, in thfe-cates of the persons . 
descr1bed«1n questions 6-72 through:fe-75,' and 
record your choices of the fpllowih^^itternates: 

0 1. Admit without an escort " 

2. Admit with an escort 

3. Do not admit , 



6-72. A person who has a proper clearance, says 
"he has a "n^^ed to know,** and is known to 
you, bi/t is NOT on the access list. 

5- 73, A visil:ing dignitary from Washington D.C. 

who is'intere'sted in communication be- 
cause he was formerly a Radioman. 

6- 74. A person who has a proper badge, has a 

"need to know," and ts onthe access 
* list. 

6-75. A person who is NOT on the access list, 
but has been specifically granted per- 
mission by the commanding officer to 
visit the communications area. 



Learning Objective; State 
regulations governing admittance 
to security dreas. 
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^ ^ : A^ssigi^ment 7 

Cowminlc^bit^ns Sectfrtty ^Continued); Basic Messtige For 



)rmat 



Textbook, Assignment; Pages 201 - 222 



.7-1, 



7-2. 



learning. Qbiec£lsj(^ Describe 
procedures *^or maintatining 
stri^ accouptabilJtSfof ^ 



4- 



cJassT^led materiA.. 



Within each corfimand, strict accountability 
for classified materia> must be main- ^ 
tained. Whafare the titles -of the two 
persons normally "'designated to maintain 
accountability?. (Sometimes the tasks 
of both are done by the same.^person^)^; . , 

1. Classified Material Manager. Top 
Secret and :Secret Control Officer 

2. Classified Material Manager. 
Classified ^terial Control Officer 

3. Command Security Manaiger. Top Secret 
Control Officer / 

4'. Command Se^curity'Marj^ger. Classified 
Mater^ial Control Officer 
-. 

What markings or method of accountability 
must be utilized with Top Secret 
(a) document covers or equipment, 
(b.) messages NOT containing a list of 
effective pages, and (c) document pages? 

1. (a) Copy. No. of copies; 

(b) Page 



Tf 



^ ^ , ^ . pages ; 

(c) list of effective pages and 
page-check page 

2. (a) Copy No. . . .of copies; 

(b) Page of pages; 

(c) Page of Jfc • pages 

3. (a) Name df comm^nd^having custody; 

(b) Top Secret, page ; 

(c) list of effective pages and page- 
checJc page n 

4. (a) Name of person accepting custody; 

(b) Top Secret message: pages;' 

(c) Top Secret document: pages 



Wdich of the lol.TpwiKg statemfent^ : 
regarding thfC^^e^r^dlj^ion and - 
acCT^ability "of Top'Secret documents, 
'isft'ctfijrect? 

1. Under no circumstances may they be 
reproduced 

With the permission of the originitor 
or higher Suthori tV one copy (but 
not more than one) Wm^y be reproduced. 
-It must tfe numtered aKd recorded 
iWith, the TSCO V . 

fTiex may be reprdduced^^ wittr the 
, j)ermission of the ortgthator or 
.^i^Jhigh^r authority. Copies must be 
..i:.^umbered serially and recorded with 
' thfe TSCO 
They rriay be reprodu^d with, and 
only with, the permission of the 
commanding officer of the command 
wishing to reproduce them/ Copies 
must be numbered serially and 
recorded with the TSCO 



2. 



4'. 



Learning Objectives-Describe 
acceptable practices pertaining 
to safeguarding classified 
materials. 

, ^ Information ^or question 7-4: You have 
^ taken a clajssified document from storage 
to work on it at your desk, and now must go a 
few steps to a coworker's desk to discuss a 
problem wi th him. 

7-4. What must you do toAcovide minimum , 
" auttiorized protectforr ,tor the document 
while you are thus engaged? 

1. Keep it und^r surveillance 

2. Turn it face down or cover it. 

3. Both 1 and '2 above 

i 4. Replace it in storage 
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m Information for questions 7-5 and 7-6:- 
^ You are given an assignment to derive 
some ffgures, use the figures to complete a , 
i?«rksheet.. %d then type a duplication of the 
n^^rksheet as a "smQoth report (original and one 
ctfpy), classified Confidential. 



7-5. 



7-7. 



7-8. 



EKLC 



uses 'a carbon r1t)bon, 



If your tyjJewrl 

wh1ch.^.1f anv. Jj^.the follding Itei 
besides the caf*Don-and the original 
copy of. the/smooth report must be 
"safegua'rded In ihe manner required for 
Confidential rrtatferlal? 

1. The worksheet and typewriter ribbon 

2. The typewriter ribbon only 

3. The worksheet only 

4. None of the above *' ' 

/Your typewriter uses a fabric ribbon and 
thjs is the fourth time it is being 
recycled through the m^ehine. Which, , 
If any, of the following items besides 
the carbon and the orig^inaV and copy of 
the smooth report must be^ 

^e manner required for 
tnaterlal? _ 

1. The worksheet and typ^BWter ribbon 

2. The typewriter ribbon only 

3. The worksheet only * 

4. None of the above 



7-9. While on duty., an RM2 finds k classified 
safe open. Which of^the following 
actions should he take? 

1. He ^ould lock tthe safe' and Inform' 
, the senior dutV officer only ' 

2. He sh0u>d inform the senior duty 

^ officer and stanfl guard until he - 
arrives ( , ■ ^ * 
, 3^ He should recall t1ie resppnslble 

person and stand' guard until he 
^ arrives- * ' 

' • 4. He should lock the safe. Inform the 
responsitO^person. and repprt the 
..incident to the seWior duty office 



Learning Objective:, Describe 
procedures for the disposal- ^ 
of classified material. 



b e ^f i 
yp^P 



feguarded in 
"lidential 



7-10. 



Which of the following conditions for 
protecting classified material after 
wdrking hours is NOT in accordance with 
sec^i^rty instructions? ^ 

1. Classified documents are in locked 
rfuthorizedjMfes ' ' 

2. Shorthand i^oteS were not burned but 
are in locked authorized safes 

3. The contents of wastebaskets contain- 
ing classified material were not 
burned, but are in lopkpd authorized 
•safes 

4. Burn bags, ready for burning the 
next day, are securely stapled and 
neatly lined up along the bulkhead 

Dials on combinati,on lx)cks securing 
classified material safes must be 
rotated* at least how many times tn the ; 
sdme di rection' to conform to security 
regulations? - ^ ,f 

1. Five 

2. Two 

3. Three 

'4. Fourv «; 
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At tne burn site, the burn si^ervisor 
must ©beck each bag of f the log as It- 
is burned. - What else should he and his 
crew do? 

"1. They should watch to see that the 
material Is completely burned, and 
break and scatter the ashes 
^ 2. They should stir the fire, be sure 
that it is burning well, anrf leav* 
when the last bag goes on the /I re. 
-3. They should empty the contents from'' 
, each bag Into. the fire. foli<the 
bags for return, watch to sei^ that 
,the'mater1al Is completely, burned 
4. They should watch to see thd.t * ^ 
'material is completely burned, -keep 
the a'shes in a neat pile, and pour 
" water on the ashes before leaving 

7-11. Relative to destroying clarified , 

material' aboard ships at'sea by using 
shredders, what do regulations specify 
regartjing (a)"shred width and (b) inter- 
mixing of crypto with other material 
before shredding? 

r. (a) Maximum shred width allowed is 
Pt 1/32 inch, (b) linder normal 

conditions crypto material must 
not be Intermixed with other ' * 
material before shredding 

2. (a) Maximum shred width allowed is ^ 

1/32 inch, (b) crypto material 
^ must be intermixed with at least 

^ an equal amount of other material 

before shredding ^ 

3. ta) Maximum sh,>;ed width allowed Is' 

1/16 inch, ,(b) under normal 
conditions, crypto material must 
not be intermixed with other* 
material before shredding 

4. (a) Maximum shred width allowed is 

1/16 inch, (b) crypto material 
must be intermixed with at least 
an equaK^mount of other material 
before s|iredding 



7-12. 



How many witnessing officials to 
destruction classified material 
ar^ required? 



1. 
2, 
-3. 
4, 



Five 
Two 

Three 
Four 



7-13, 



To satisfy the requirements of d^sf:$)ctives, 
wi tnessi ng Af f i ci ad s mus^t ha ve^ a .securi ty 
clearance^ at >east what level*?" 

1. Confidential, ^ \ ^ 

2. Secret ^ ' . 

3. Top-secret ' 

4. ^ The level of tfie material being ' 

destroyed ' ^ . ^ 



7-14, For a minimum of how long must records 
of destrliction .of classified material . 
be maintained? • , 

1/ 6 mo 

< 2. 1 yr . , i 

3. ' 18 mo ^e" 
• 4,. 2 yr - ^' 

7-15. According to the Emergency Plan of 

V material destruction, what material is 
of first priority to be destroyed? 

1. Top Secret special access mater>al , 
' and-othTer Top Secret rhaterial 

V 2. Classified components of equipment 

and Top Secret'special access material 
3. Communication Security (COMSEC) ^ 
material and classi^fied ^components > 
of equipmerrt ' ^ . 

^ 4. Communication Security (COMSEC) 
njaterial and Top Secret special 
ac(a%ss material 

7-16. According to the Emergency Plan, what 

material should.be destroyed immed-T^tely 
before Secret special access material? 

1. Other Secret material 

2. Top Secret materiel Ntriot special 
access) ' » 

3. Top Secret special access material 

4. Classified components of equipment ^ 

What shpuldlnormally be done with super- 
seded classified material 



1. 



2. 



3. 



4. 



It shoulc^^e retain^^^'^I'Mefinitely', 
as it is difficult to get another- 



as 

copy 



It should bfr retained for two .years, 
then destroyed . 
It should be retained for one Vear; 
then destroyed 

It should be destroyed immediately 



^ Learning Objective: Define 
' " - . terms related to COMSEC and 
' other cldssified*^ material. 



7-18. Conniunicatlqjs. security (COMSEC) is the . , 
L ^ ':QV(^aill eiFfdft to protect the integri ty 
' ancr^alidity of. our communications 

community V Besides cryptosecurity and 
'physical security, what does XOMStC » 
T ^ i nclude? , - 

1. Jransmission security and organisa- 

tional^ security- • . 

2. Emission security and rece^on , 

, security - r 

3. Transmission security and TI|pisiQn 
security • . , 

4. Emission security and organizational 
security i , ^ 

4 

*7-19. Whai'is the expression normally used to* * ^ 
\ statfe that it has been discovered or is 
suspected that an. unauthorized person 
has gained access to cjassi^'ied material?^ 
\. The material has been compromisetlA^ 
2. The material 'has been violated 
^ 3. The material, has been defiled 
4. The materialivhas been. wasted 

7-20. What is an accountably ty legend? 

1. A brief wri tten 'a.ccount of the date^ 
and circumstances ^uj-roupding the 
acquisition of each classified item • 

. ' held . 

2. A brief written descri^ioh the 
subject >-'7iumber of pages,- etc. of ' 
each cla$s4fied item held'' ' 

3.. A disclo0*e record, or list of 
signatures of all viewers of each 
^ ' classified-item held ♦ 
4. A numbe'r assigned^io COMSEC 
^ - materia^l to govern the handling - 
procedure ^ • 
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J, 



0,. Vse following as the alternatives 
for questions 7-21 through 7-23: 

1. CMS H6Wer . <N 

2. CMS Satellite Hoi cj^er ^ ^ 

' . 3.. CMS local Holder . . 



•7-26. 



Cryptographic operators must hav*; 
propen security xrlfltarirffce, authorl nation. 



from th^ commandlndj;officer 'to pecform*' 
crypto duties h-is cownand,. and^ ' 
''-iliarity Vith loCa^^ crypto.^proqMfres. 
t- other miniitalquaHficati'Qns^ if* ' 



,7-21. 

f 

^-22. 



7-23. 




• 4. CMS ^Responsible \J5er , 

What is fhe term used to specify a ship' 
whose COMSEC material needs are met by 
drawing such m4tef*ials from the squadi:or\ 
coinmanderf' - ^ 

Js the term used to specify a command 
1 has an account number and draws? its/ 
CdfllJC materials directly from 'national 
or* Navy distribution source^? 

Whit Is the term used to specify an ■> ^ 
officer vfho draws C-MS material frorg ^ 
the CMS custodiiMlVof *h1s command by 
signing and assuming responsibility 

for it? . ' ^ • . ^ 



Learning Objective: Define 
and ,1ndi,ca'te the scope and 
coverage of several terms - 
connected with crypto-^ 
systems, \an^J state 
qualifications required 
byjMfiryptographlb' 
PplHBbr. 



fami' 
What 

Bny, are there?' 
1. ' Normal vision ^nd manual dextferJti 
^2. ' Achievement of E-4.dr frigheV . . 

3. Attainment of a§e 21 or highef" 

4. None ■ a ■ ■ 



Learning Objej:t1ve: State 
the-prlDr1.ty oi^er'of th^ 
emergehcy 'de^tructix)n of "V 
Keying materials. _ 




1-11. 



■k ■ V .> -•., 

yin case of emergency destrjjttioh, kieying. 
miterlaV, as the mos,t se^n^iilve materiaifr-, 
is destroyed first. What are the three' ^ 
, types of keying material in the priority 

ofder of t^eir destruction (within 
' each security "classification)? 



2 
3 
4. 



Superseded, reserve, eff^ive 
Effective, sfiperseded, reserve 
Rese/ve, effective, superseded 
SupeVsec(ed^ effective, reserve 



7-24. 



Which of the following describes crypta* 
related information? 
1. .Always classified . ' ' 
1^.^^ Significantly descriptive of 
cryptpmat^rlal 

3. Normally associated with, but not 
significantly descriptive of crypto-, 
material 

4. Normally marked "CRYPTO" 



7-25. It, Is vltall'y Important that all Item's 
In a cryptosystem be given the strictest 
security. What Is the term^ for a situa- 
. tionMn which this security is NOT 
strictly maintained? ; , ' 
1 . Cryp to-ex^os ure 
2i^ Crypto-lnstablllty 

3. Crypto-def1c1er?cy . * 

4. Qrypto.-lnsecurlty ^ 



7-28. 



Learnl^ng -Obyectl ve: ^ Identify 
thfewrds for which ^CON 
$tahcis, and define the- terms, 
meaconing,' Interfereoce, 
.janin1ng» and Irttrusloj^t, 



For what words (fees "EMCON" stared?/ 

\. Em'tssiori coatrol "'jL 

2. • Emission continuation -^^^'M 

3. Emergency octroi ^ 
"4. Emergency concealment . " 



7-29. 



What 
1 



IS 'meacomng' 



Intermittent power on/power off 
emission, five seconds on, 'five 




' seconds ofif 
Emission oa a "slidtn§" frequency, 
a procedure of moving up in frequency 
a prescribed degree each three - • 
miruiteSuto'a prearranged maximum, 
^en down 1n< the same manner 
(Interception and relwo^dcast of ' ' 
I beacon signals cm the same frequency 
iM:ategory o*fcpmmuni cations ihtei>^' 
ference that 'Mft^jdes japning and ^ 
Intrusion, afnipPojthers : 




7-30. Hh«.t js J' Interference^" as used in the. 
context of U.S. naval communications? 
1. The deliberate use'of electromagnetic 
signals, with the object of impairing 
comraunicatfoh circuit^ J . 

2.. Any attempt by the enemy to enter 
the U.S. or Allifed communications 
system and simulate ouf: traffic with • 
' intent. to co^fuse'or deceive • 

3, A break In the electric line or any- • 
*other equipment failure that, impedes 

• • the process of commurticaf ions 

4. A hondeli.berate -ele'ctrical disturbance'^ 
^whith prevents the effective use of 

' .. ^frequency , - / 

•m 

7-31. What is "jamming"? . ' 

1. Distortion ce^used by transmitting 

with too much power fo«^th6 existing 

circuits , 
2/ The deliberate^us^ of electromagnetic . 

signals with the objept-of impairiClg 

commuhi cation circ/H'ts 

3. Emission on a^'iltdin^" frequency,, a , 
procedure of moving up in^ frequencj^ 

a prescribed degree each three 
minutes to a prearranged maximum, 
then dowr\ in thg' same manner - ^ 

4. Interception and rebrojidcast of, 
beacon signals on the same frequency 
to confuse enemy navigation 

7-32. What is "intrusion"? 

1. The deliberate use of electromagnetic 
signals (such as by random noise^ 

with the object of impairing ' , 

communication circuits " • 

2. • The inadvertent selection and use of 

a'"frequen't)r by ^n operating unit 
when another unit in the area is 
alfeady usinq that frequency for 
' ' official traffic 

3. ' The unintentional splatter of ati" 

over-modulated signal into an 
adjacent in-use .frequency 

4. An attempt by the enemy to enter the 
U.S. or Allied communication systems 
and simulate ou'r traffic with i.ntent 
to confuse and deceive . 



Leannjng Objective^ State 
who prescribes, or approve^ 
the cryptographic systepis 
and technique! gsed by 
military personnel indi- r 
'^rate the minimum frequency' 
'of COMSEC inspections, and 
identify the actual inspect 
tors. 



7-33. How often must a-,comrhand have *a COMSEC 
inspection, and*what delegatix)n actually 
.2 visits? - . ' '\ 

• ' 1.^ Once a year; a delegatiorr f^om'th.e 
staff of 'the Naval* Seauvfty Group 
' ^Command « x • 

2. Once every si«x mofiths;'.a delegation 
JL. ^ fro'm the staff g^j^the Naval Security 
Group*CommaHd ^ 
•3. Once a yearV a delegation from a 
-local Naval Sejcurity Group ' 
/ 4. Once every -six months; a delegation 
from a locaV Naval Securify Group 

7-34. What organi zation/ acti ng^Q >ehal f of 
the Secretary of. Defense, ,preScribes or 
approves all crypftographic systems and 
techniques usedvby all 'bhifTches 04 the 
military and approves or produces all 
cryptomaterial .used ify the departments, 
r^nd agencies of the.^J.S^,? ;v 

1. The Joint Armv-Navy Information 
Center (JANIC) 

2. TT^ Njitional SecCirity Agency (WSA) 

3. The Naval Security Group Command 

^ (NAVSECGRU) ' ' 

' - 4. The. Naval Intelligence Command (NIC) 



Learning Objective: Describe- 
the contents of a comnunica- 
tion center visitor's log. . 



7-35. 



For the communication center visitor's 
log, what column headings besides date, 
visitor's signature, rank or grade, ^ 
organization represented, and time^in 
and time outdare r.ecommended by KAG 1? 

1. Social Security number, signature of 
authority authorizinig visit 

2. Date of birth, local address a,nd 

* telephone number, name of authority 
aiithorizfrig visit * - * 

♦3. Purpose of visit, signature of 
authority authbrizing visit 
4. Place' and date of birth, -signature 
of 'authority authorizing visit 
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Learning Objective: Identify 
the location of specific 
Information pertaining to /• 
coinnunlcatlqyis operations. / 



7-40. 









A. 


ACP 122 






CMS 4 




C. 


KAG 1 




D. 


.NTP 4 . ' 




E. 


,NWP 4 




F. 


NWP 33 




G. 


OPNAVINST 5510.1 (series) 



7-41, 



7-42. 



7-36. 



t 



4 List 7A. 

Refer to'Ust 7A 1n answering questions 
7-36 through 7-45, 

rv 

What publication contains equlvalent- 
U.S. security markings for material 
marked with foreign security classifica- 
tions? 
1. B 

3. E ' 

4. G' 



7-43. 



7-44, 



7-37. What publication outlines 'the duties of 
the Command Security Manager? 

1. B ' \ 

2. ' C- 

3. ' E 
^ ^4. G 

-7t38, What publications contain complete terms, 
areas, Items, and sub-categories relative 
to COMSEC material? 

1. A and D 

2. b; C. and E , 

3. D and F 

4. F and 6 

7-39. In what publ 1cat1on(s ) is/are complete 
^ Information on the security marking and 

re-marking of classified messages located? 

1. A only 

2. A and B 

3. E and F . 

4. G 



7-45. 



7-46, 



What publ1cat1oi*-conta1n the prlbr+tttis' 
eind methods of destruction of COMSEC ' 
material (In addition to those require- 
ments discussed In OPNAV 55J0.1 (series)? 

1. .B and C 

2. B,and E / ' 

3. C and D • / 

4. D and F 

What publications coptain effective ' 
methods of dealing wrtth the occurrence 
of any component of ."MIJI"? 
1>. A, B, and D . 
2. B and C 
: 3. D aq^t F 

• 4. E^and F ' ; ^ 

What publication contains procedures 
governing 'the COMSEC Material Control » 
SystPm? ' 

1. A 

2. . B 
3., D 
4 : F . 

In what publlcatlon(s) is/are the 
responsljbiritles of the NSA listed? 
1. A and B ' 

2v 'S and - - 

3. E 

4. F'' . 

What publication lists situations In 
whiQh'authentlcation Is either mandatory 
or merely advisable? 

1. A ' . 

2. C , 

3. D , 

4. F 

What publication contains complete 
Information on paragraph, sub-paragraph, 
and document marking? 

1. A ' 

2. C . > ^ ^ ^ 

3. E 

4. G ' • . ^ 



Learning Objective: Deterjnine 
the specific format lines of a 
basic Navy message to which 
various portions of the contents 
are Assigned. 



Which format lines in a naval message are 
used for the stat1oi1,(s) called and. the - 
stat1on('S) calling? 

1. Lines 1 and 2 

2. Lines 2 and 3 

3. Lines 1 and 3 ; , 

4. Lines 3 and 4 
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7-4>. 



7-48. 



7-49. 



7-50.. 



In ,wh1 ch format } i ne 1 s the accounti ng 
symbol or group count? 

1. >Lin6 3 

2. Line 5 

3. Line 9 

4. » line 10 

In which format lines are the FM and TO 
addressees given? 

1. Lines 4 and 5 

2. Lines 5 and 6 

3. Lines 6 and 7 * 

4. Lines 7 and 8 

Identify the format line containing the 
precedence indicator, DT6, and specific 
handling or deliveijy instructions. 

1. Line 1 , ^ 

2. Line 2 

3. Line 5 

4. Line 4 

With which format lines do the heading, 
text, and ending, respectively, of a 
basic naval message begin? 

1. 1, 8, 13 

2. 1, 11, 15 

3. 1., 12, 14 

4. 2, 10, 14 



Learning Objective: . identify 



7-51. 



the four components of the 
message heading. 



What are the four" components that/comprise 
the heading called? ! 

1. Classification, origination, (jlestina- 
\ tioh, and salutation , i . 

2. Beginning procedure, preamblel address, 
prefix \ 

3. Original call-up, accounting proce- 
dures, address, prefix / 

4. Opening remarks, classificationr^ 

( originator's call, addressee's call 



Learning Objective: Interpret 
or properly record date-time 
groups, abbreviat^oh__^GR" with 
number, and prosign BT. 



7-53.. What would "GR20" mean in a message? 

1. The text contains 20 words 

2. The entire ^message contains 20'wordi 

3. The message is assigned "general 
routine 20" priority 

4. This is the 20th message of the day 
' from the originator 

7-54. What does the prosign BT mean? 
1. Break 

- 2. The Navy has financial responsibility 

3. Bravo transmission 

4. Blind transmissfon 



Learning -Objecti ve: Describe 
standard format and composi- 
tion of a basic naval message. 



7-55. If a message text has 15 typed lines, 
how many format lines does the text 
comprise? 

1. \ ' . ' ' ' 

2. 5 ' 

3. 3 

4. 15 " . 

7-56. Spec^ial handling instructions such as , 
SRECAT or PERSONAL FOR are placed on 
the same line as which of the following? 

1. The TO addressee(s) 

2. •The security classification category 

3. Jhe precedence -and DTG " 

4. The accounting information 
** * 

7-57. What is the composition of the SSK^ and 
- what punctuation, if any, precedes and - 
follows it? 

1. 'A letter (variable) followed by five 
' numbers; two slashes precede and 

two slashes follow 

2. A letter (variable) ' fol lowed by six 
numbers; a semicolon pr^ecedes and 
no .^punctuation follows 

3. The letter "N" followed by five 
numbers; a semicolon precedes and a 

[ semicolon follows 

4. The letter "N" followed by five 
numbers; two slashes precede and 
two slashes follow 



7-52. Which of the following is a correct 

example of a date-time group as used. In 
the heading of a message? . 

1. 08152 15 Jan 78 " 

2. 15 Jan 78 0815Z 
, 3. 155815S Jan 78^ 

4. '150815Z Jan 78 



75 



7-58. What does a passing Instruction Include? 

1. The addressed coifwand's ^hort title, 
. then the .office code or Indlvlduar* 

name m 

2. Tffe addressed command's long title, 
then the office code or individual's 
name ' ' 

3. the addressed command's short title, 
' then the office cfode only 

4. The addressed command's long title, 
then the office code, then the 
1nd1v1dua,Vs name 

7-59. Which of the following statements is . 
corr,ect concerning the format of 
references in a. message? 

1. They are numbered consecutively and 
' listed one beneath another 

^ 2. They are lettered consecutively and . 
listed one beneath* another 
, ♦ 3. They are numbered consecutively and 
listed one follx)wing the other, 
separa-ted by semicolons 
4>. They an6 lettered consecutively and 
« ; listed one following the other, 
separated by semicolons 

7-60. Which of the following statements Is 
correct .concerning the numbering and 
letterl-ng. If any, of textual paragraphs 
and subparagraphs? 
. . J. Textual paragraphs are numbered and 
subparagraphs are lettered. Single 
paragraphs must be numbered "1." 

2. Textual paragraphs are numbered, but 
- ^ subparagraphs are neither numbered 

nor lettered. Single paragraphs 
^ ar^ numbered ^1." • 
. 3. Textual paragraphs are numbered and 
. subparagraphs are lettered. Single 
paragraphs' need not be r^umbered. 
4^ No textual paragraphs nor subpara- 
graphs are numbered or lettered 

7-61. .If a paragraph of a message is Secret and 
also^ Restricted Data, what marking, if 
any, will be recorded 'immediately 
preceding tne words of the paragraph? 
SECRET-RESTRICTED DATA 

2. SECRET-RlTv. 

3. SRD 

4. None \ 

7-62. In the time group "io30R," what does the 
"R" mean? 

1. Restricted 

2. .. Release time of message 

3. Receipt yme of message - 
^4. The time zone designation 



7-63. What ^re the ending's4^n pVowords and 
pros^gns used fo»^ voice .»iand CW or TTY 
transmlrsion, respectively? 

1. OVER or OUT;- K or.' 

2. ROGER; K or M/ 

3. OVER or OUT; it 

4. ROGER; BT 



Learnl'ng Objective; Determine 
who Is responsible for the 
various details involved In 
the composition, authorization, 
and transmission of a naval 
message. « 



,^ Use the following as the*alternatives for 
- questions 7-64 through 7-66: 

-1. The drafter 

2. The releaser 

3. The origiliator 

7-64. Who authorizes the message for trans- 
mission after validating its contents 
and ensuring compliance with applicable 
directives? 

7-65. In whose name Is the message sent? ^ 

7-66. Who is responsible for actually composing 
the message,' addressing, selecting the 
proper classification, issuing declassi- 
fication and downgrading instructions, 
formatting, and selecting the precedence? 



Learning Objective: Explain 
the meanings of the precedence, 
indicators. 



7-67. What is the precedence prosign which 
Identifies the Emergency Command 
Precedence (ECP) in tf^UTODIN system? 
' 1. V 

2. W . 

3. X 

4. Y 



76 



Ws€- the feVlwifHI a»-tl^» a lt e rn a tiv es--^ 
for questions 7-68 through 7-71: 

1. Flash 

2. Immediate 

3. Priority 

4. Routine 

7-68. What should the precedence indicator be 
for messages relating to situations 
which gravely affect the national for^c 
or populace and which require immediate 
delivery to addressees? 

7-69. What' should the precedence indicator be 

for initial enemy contact reports' or 

operational combat messages of extreme 
' urgency? 



7-71. 



What .should the_ precedence indicator 
be for all types of traffic which 
should be transmitted electrically, 
but do NOT warrant a higher precedence 
than the type assigned? 

What should the precedence indicator 
be for messages which furnish essential 
information for the conduct of opera- 
tions in progress? (This is the highest 
precedence usually authorized for 
administrative messagesJ) 



irces 



11 



4S: 



Assignment 8 



B»s<c Message Format (Continued) 
Textbook Assignment: Pages 223 - 245 



Learning Objective: Disting 
among classes of messages. 



iJi^ 



8-6. 



0 Messages are placed in' classes B, C, 
D, or E for administrative and accounting 
purposes. In questions 8-1 through ^-6, select 
the class (es) into which the messages u|ed as 
the qud^stlon may be put. 

8-1. Government messages. 

1. A and B only 

2. C, D, and E 

3. A, B, and C only 

4. A, B, C, and D 

8-2. Broadcast traffic available to ships of 
all nationalities, such as hydrographic 
data, weather, etc. 

1. A ^ 

2. B 

3. C 

4. D 

8-3. Personal messages to or from naval 

personnel, handled primarily free of 
charge over naval circuTC**:^ 

1. A 

2. B 

3. C 

4. r 

8-4. Messages originated by and destined for 
DDD activities (includes the Coast Guard 
wnen it is operating as part of the 
Navy). Most Navy messages are In this 
class. 

1. A 

2. B 

3. D 

4. E 

8-S. Messages originated by and destined for 
U.S. Goverriment agencies other than DOD. 
L A 

2. B 

3. D 

4. E 



Private messages for which the Navy' 
collects tolls. Includes radiotelegrams 
and press messages sent by correspondents 
aboard ship. 
K A 

2. B 

3. C 

4. D 



Learning Objective: Distinguish 
among the various types of 
messages according to the method 
of addressing. 



Messages may be divided Into types, ^ 
according to the way they are addressed. 



Use the following as the alternatives for 
questions 8-7 through 8-10: 

1. Book 

2. General Message 

3. Multiple-Address 

4. Single-Address 

8-7. What' kind of message Is destined for two 
or more addressees, none of whom is 
informed of any other addressee? 

8-8. What kind of message is destined for two 
or mo»^ addressees, each of whom is 
informed of all other addressees? 

8-9. What kind of message Is destined to meet 
recurrent requirements for a wide, pre- 
determined, standard distribution? ; * 

8-10. What kind of message Is normally titled 
(e.g., ALCOM, NAVOP, JAFPUB, etc.) with 
the-title indicating rflstribution? 



78 



EKLC 



. Learning Objective: J)einofistrate 
ai) awareness of the fharacter- . 
Istlcs oY the different formats 
(plaindress, etc.) qf messages. 



^ Use the following as the alternatives for 
• questions 8-11 through 8-13: 

1. Abbreviat^ied plaindress ^ 

2. Cpdress j 

3. Plaindress 

^4. None of the above 

8-11. Which, If any, of the preceding is a 
message format which is used very 
extensively in voice communications, 
and may be used in other fonrats^ and 
in which the initial call serves as 
the address, and the precedence, date, 
' date-time group, and group count may 
be omitted? 

8-12. - Which, if any, of the message formats 
listed is always encrypted, always 
contains a group count, and includes 
the entire address, component within 
the encrypted text? 

8-13. ^ Which, if any ,^ of the message format? 
listed contains all of the components 
of the basic message- except that the 
group count at times may be omitted, 
and contains the originator and 
^ addressee designations externally in 
the address component? 



Learning Objective: Describe 
radio call signs and voice 
calls used under given 
circumstances. 



' 8-14. Which of thfe following is an example of 
an international call sign for a naval 
shore station, a naval vessel, and a 
naval aircraft, respectively? 
< 1. NCAW, NAU, N4398' 

2. NAU, N4398, NCAW 

3. N4398, NCAW, NAU 

4. NAU, NCAW, N4398 



« 8-15. In voice communications, how should a 
ship identify on ship-shore administra- 
tive circuits, excluding local harbor 
circuits? 

1. By phonetically spelled International 
call signs 

2. By voice call siqjis as listed in 

'^mh 119 ^ 

3. By vgice call signs as listed In 
^^CP 119 

A\ By the name of the ship 

8-16. What is the name of a call sign which 
represents -all of a group of stations 
in direct contact >^ith eacli other on 
a common channel? 

1. Group call sign 

2. Net call sign 

3. Detachment -call sign 

4. Cluster call sign 



Learning Objective: Demonstrate 
a basic familiarity with address 
groups and routing indicators. 



8-17. Address groups are four-letter groups 
assigned to represent certain commands, 
activities, or units. How can they 
be distinguished from Navy four-letter 
international radio call signs? 

1. Address groups are transmitted with 
a slight pause between .the second 
and third letters 

2. Address groups are transmitted witb 
a slight pause between the third 
and fourth letters 

3. Address groups are always transmitted 
twice 

4. Address groups, incontrast to Navy 
call signs, do_not begin with "N" 

8-18, Which type of address group must aVways 
have more information added to it to 
serve as a complete station and address 
designator? 

1. Individual activity address groups 

2. Collective address groups 

3. Conjunctive address groups 

4. Address indicating^fToups 

8-19. Geographic address groups are always 
preceded by 

1. individual activity address groups 

2. collective address groups 

3. conjunctive address groups 

4. address indicating groups ^ 
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8-20. 



8-22. 



8-23. 



Which of the following i.s a purpose of 
address indic ating group s? _ 

1. To reduce the number of address'' 
groups required in the heading of 
a message 

2. To convey special instructions in 
the heading of a message ' 
To provide »n alternate address 
group in the event that the primary 
address ^group is compromised 
To locat'e the originator of a 
message geographica>ly 



3. 



4. 



3-21. 



What is the first letter of routing 
indicators used with communications 
relay networks, and how many letters 
do they have? 

1. C; three to six 

2. C; four 

3. R; three 

4. R; four to s^ven 



Learning Objective: Describe 
procedures' to be used by a 
flag rank commander temporar- 
ily detached, from headquarters 
location to send a message 
to his staff ;" describe 
procedures for message 
readdressal . 



Which of the following is a correct 
example of" the "From" and "To" of a 
message sent by a flag rank commander 
to his staff when lie is temporarily 
detached from his headquarters location? 

1. FM COMSUBLANT NORFOLK VA (TDY AWAY) 
TO COMSUBLANT NORFOLK VA 

2. FM COMSUBLANT NOf^FOLK VA ' * 
^ TO SUBLANT' NORFOLK VA 

3. FM COMSUBLANT NORFOLK VA 
TO ADMIN COMSUBLAl^T NORFOLK VA 

4. FM ADMIN COMSUBLANJ NORFOLK VA 
TO COMSUBLANT NORFOLK VA 



What is the correct procedure for your 
comma/id to use to readdress a message? 

1. Delete format lines 1 through 4, 
precede ^he remainder with a complete 

. heading from your command 

2. Replace the heading of the message 
with one from your command 

3. Replace format lines 1 through 5 witKi 
format lines 1 through 5 frqm your 
command 

4. Leave the message intact, immediateTy 
precede it wnth a supplementary 
heading from your command ^ ' 



Learning Objective: State the 
normal cancellation date of 
a message. 



8i-24. When will a message directive be 
automatically' cancelled if it iS 
NOT cancelled prior to th'is time 
by other mearts? 

1. Sixty days after the release date 

2. Ninety days after the release date 
3: Four months after ^he release date 
4. Six months after the release da/e 



Learning Objective: Irfentify 
, the meanings of various pro^ 

signs and Q and Z signals, * 
and state how to identify 
general messages . 

fro answer questions 8-25 throtrgh 8-28, seWct 
from column B the precedence prdsign which 
corresponds to the precedence as given. in 
word form in column A. * " 

B. Pre^edenca 
Pros igns 



A. Precedences 



B-25. Flash 



8-26 
8-27 
8-28 

8-29. 



8-30. 



Immediate 

Priority 

Routine 



. 1. 0 

2. P 

3. R 



What does the prosign AA mean when it 
is tised to identify a portion of a 
tTansmission? 

1. , All after 

2. All above 

3. Action addressee 

4. Alternate addressee 

What does the prosign K mean? 

1. If the message relates to another 
command, you are requested to 
readdress 

2. . Thfs is the end of my transmission 

to you, and a response is invited 

3. Negative report is yiot required* 

4. Stand by -- 'a weather report of 
significance wil 1 follow 
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8-31. What does the pause prosign AS AR mean,? 

1. I mu«;t pause for.^ few seconds 

2. I mu&t shut down operations for one 
hour ^ 

3. I must pause minutes (Always 

followed by a numb.e'r) 

4. I must pausQ longer than a few 
seconds; will call you back 

# ^ , 

8-32.^ What is the meaning of the prosign F 
used in transmisv^n instructions? 

1. Do not answer 

2. This is the ftnal tfansmissrion at 
this time 

^ 3. Forward to appliqable command after 

readdressing 
4. Repeats^ this entire transmission back 
to me exactly as received 

.8-33. What does the prosign Tx" pi us "a 5-^eeppd 
dash mean, in relation to the executi've j 
irfthod? 

\l Execution must be complete within^ 
one minute. Report required after 
execution 

2. Execute carry out the purpose 
of the message 

3. You will receive exe^te orders 
.within five minutes 

4. Stand by for execute oVder 



To answer questions 8-34 through 8-37, seject 
from column B the prosigns which carry the 
same meaning as the statements given in 
column A. 



Prosighs 







A. Prosign Meanings 


B 


8: 


:34. 


More to follqw 


1 


8- 


•35. 


Emergency silence 


2 


8- 


■36. 


This -transmi ssion 


. 3 






iy in error. Disre- 








gard it ' 


4 


8- 


■37.. 


Repeat 





EEEEEEEE AR 

hm".hm HM 
TmT 



j 



r 



8-39. 



How can general messages, be identified 
as suchl. ' 

1. By tKe"'TiEN" in the heading ^ 

2. By ttte>epetiti ve short title 
.(?:^.rALNAV, JAFPUB) 

3. By the doubly spacing between format. [ 
. lines /I've and six . ' ^ 

4. By the prosi^ G in the transmission 
instructions line " , • 



Leartlinpg Object i ve : Describe 
various types of messages and 
associated procedures. 



8-38. What are three-Vetter groups beginning 
with Q or Z used to convey much longer 
, expressions properly -called? 

1. Code signals 

2. Operating signals ' ' 

3. Prosigns 

4. Prowords 



8-40.' How are' general messages whfchNdje NOT 
of sufficient operational urgency to 
warrant irimediate delivery to forces 
afloat handled? . 
.'1. By the use of minimize conditions 
2.. By basegrams 

3. By night letters 

4. By "Q" |(^sages 

8-41. What must algeneral message file contain? 
li Every -gan^r'al message received - 
* during the current two-year period " 

2. Only those general messages received 
for action during the current 
two-year period 

3. Every general message received 
during the calendar year 

^ 4. Only those general mes^s'ages received* 

for action during the calendar year 

8^42. Which of the following statements 

regarding'cancellation,of general ^ 
messages is correct? 
^ *^ 1. The first general message of a 

calendar year lists those messages 
of the previous year (by number) 
that are cancelled 

2. -K^^individual general message may 

" include its -own cancellation d^te ' 
'in parentheses aft«r' the signature 

3. A message is automatically cafccelled 
upon^receipt of a sutTsequerit il&ssage 
of the same series ' %/ V 

4^,Jabneral messages which do not'iflUve 
a yearly cancellation messagejind 
are not assigned particular dJncel-' 
s lation dates are automatically 

* cancelled after 90 days 
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8-43. 



8-44. 



fi-45. 



8-46. 



8-47: 



If an origifidto'^ de^iinates a^lPlage 
as a basegrram, whei^^ /should the word 
"BASEGRAM* appeart>r^t:trennes5^?~— 
1. In the m^ss^ge Instructions 



8-48. 



2. 



3. 
4. 



As the first w^h of the text 
Imnediateiy following the classi- 
fication 

'As*the-ldst .word of the text 
Immediately following the date-time 
group 



Which of the following actions must be 
taken prior to the tra'nsmittal of / , 
American Red cross ^fiiergency or 
administrative traffic over naval 
communications "Paciltties? 

1. ' A toil must ba collected from the 

American ^Reci Cr^ss 

2. Verification fii^st be mad^ that the 
precedence Assigned is riot higher 
that ROUTINE ' 

3. • A genuine e'ffort must have been 

made by th^ American Red Cross to 
transmit th^ fi^ssage by commercial 
means 

4. The approval the commanding 
officer f^ustbe obtained 

During hiinimize conditions, what is the 
maximum allowable number of words for 
(a) FLASH and (b) IMMEDIATE traffdc? ' 

1. (a) 100,, (b) 15o 

2. (a) 100, (b) Wo' 

3. (a) 125, ^) 2Qo 

4. (a) 150, (b)^5 

Normally, by wb^t frieans should delivery 
of traffic on b^nd be made when minimize 
conditions are "in Effect? 

1. By airmail letters and speedletters, 
.observing security precautions 

2. By regis tei^^d fTjail , observing 
security precautions 

3. By regular circuits between 0001 
and 0400 local ti^ie 

4. By regular cii'Cuits after minimize 
conditions ^re iif,ted^ 

r 

What, are proforma ft^essages? 

1. Messages, the Subject matter and' 

' content seQ^e^^^e of which are pre- 
, set and ca^^ not be changed by the . 

originator 

2. Messages destined for two or more 
addressees f each of whom must be 
informed all the others 

3. Messages destined foc^vi© or more ^ ^ 
addressees? none of whom is informed 
of the ot^^rs 

4. Messages in which the entire addijess 
component i s included within the 
encrypted text 



8-49. 



"8-50. 



8-51. 



8Z 
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What is a "Q" message? 

1. A short concise message 'between 
eofTfmm4< : a ti&ns p e rsorvn ^ l d ealing ' 

* with such things m*srouted or" 
missent messages, etc ^ * 

2. A message sent to determine the 
Teason for -rtondeli very or del^iy 
in delivery of^^ message 

3. A C'lassified portion of Allied , 
navigational warning systems 

4. A message of FLASH precedence .WJiich 
has a pre-set format and contains 
key instructions from high-level 
authority 



r 



Which of the following statements 
describes the procedure specified in 
your rate/trainiTig manual respecting 
the timeliness or absence of response 
to a service message? 
I. Action should be taken promptly. 
Any significant delay in accom-. 
plishing the action should be 
reported to the originator- of the 
SVC \ \ ^ 

Action should be taken on al.l service 
messages before the processing of 
routine traffic, but after the 
processing of traffic of higher 
precedence 

Action should be accomplished on a 
"time available" basis after* all 
traffic is cleared 
A service message is always in the 
form of a report of action taken, 
and does not require that further 
actiorv be t«Jlcen ' - . 



2. 




Which of the following is a correct 
example cff the beginning of , the text 
of a service message? 

1. UNCLAS SVC ^ , 

2. 180725Z UNCLAS SVC 

3. SVC YOUR DTG 121531Z 

4. SVC 180725Z UNCLAS 

Upofi receipt of a tri^cer message, an 
activity should examine its records for 
the time of transmission of the message, 
compile this information with received 
data^ and transmit it, with the tracer 
action to the 

1. originator of the tracer message 
only 

2. preceding station only 

3. originator of the .tracer message, 
and the »preceding statTion only 

4. originatpr of the tracer message, 
the precibdnng station, and the 
following statiiyi 



8-52. Kbw couLd elfship establish a p'lrcui^with 
another station? 

1. By sending a circuit establishment 
request message to the applicable 
NAVCOMMTECHGRU . 

2. By sending a termination request 
message to the NAVCAMS in whose 
area the ship is operating 

. 3. By sending a request for «n additional 
circuit by naval message to the 
Commander, Naval Telecommunications 
Headquarters 

t 4. By sending a request by naval message 
to the 'cognizant fleet xommanderj^ 
chief, requesting additional cowiftni- 
cations -1 inkage / 

8-53. Which of the following statements is a 
correct description of JCS Emergency . 
Action. Messages? 

1. They have a (predetermined format and 
normally carry IMMEDIATE or PRIORITY 

'■precedence, depending upon the degree 
of time-sensitivity 

2. The format is not predetermined, but 
fnust be brief and concise; ^normally 
of rMMEDIATE precedence, but may be 
FLASH;Var9 highly (somet^es extremely) 
time-sensi ti ve 

3. The format. is not predetermined, but 
has become fairly standardi ze'd through 
usage;.normally carry FLASH precedence; 
and are extremely time-sensitive 

4. They h^ve a predetermined f^mat, 
norftiaTly^rry FLASH precedeRce, and 
are /extremely time-sensitive 



Learning Objective: Use the 
Joint Messaqeform^-DDiI73^ 



8-54. 



8-55. 



(This objective is continued 
in Assignment 9. ) 



8-56. Joint Messageform, DD-173, is available 
in two colors, (a) What are the colors, 
and (b) what determines which color a 
particular activity should use? 

1. (a) Orange and ligh^ green, 
(b) the geographical -location 

2. Ja) Orange and light green, 

(b) the type of equipment used 6y 
the serving telecommunications^ 
center^ 

3. (a) Red and light blue, 

(b) the geographical location 

4. (a) Red and light bllie, 

(b) the type of equ|pment used by 
the serving telecommunications 
center 



To answer questions 8-57 through 8-59, select 
from column B the spacing format approffciate 
to the part of the DD-173 shown in coljjnn A. 



The text of a certain message begins 
"CHECK (?NE EIGHT." What precedence 
has itj/ 
ROUTINE 
PRIORITY 
IMMEDIATE 
FLASH 



1. 
2. 
3. 
4. 



8-57. 

8-58. 
8-59. 

X.60. 



A. Parts of DD-173 B. Spacing Formats 

Header lines and 1. Single-spaced 

2. Double-spaced 

3. Triple-spaced 



address component, 



Text 

Distribution block 



The OCR rapidly and accurately transcribes 
a typewritten outgoing message into a t 
language -compatible with computer^proces- 
sing. What does "OCR" stand for? 

1. Outgoing Computer Run " ^ . 

2. Optical Character Reader 

3. Optical-to-Computer Replacement 

4. Outgoing Continuous Reader 



8-61. 



The pa]Jl&r guide should be set at 0 when 
you are preparing the DD-173. What are * 
the correct settings for the left apd 
right margins, respectively? 
1. 4, 7^ . 
'2.- 5, 74 w 

3. 6, 75 / 

4. 8, 77 

Which of the fo~llowin§pmethoc(s of 
correction is -acceptable for correcting 
a typing error in the hfeaderlines? 

1. Erasing 

2. Striking over the error'with a 
slash and typing the correct charac- 
ter in the next space 

3. Striking over 'the error with a "blob" 
and typing the correct character- in 
the next space - ' > 

.4. Attaching self-adhesive correction 
tape and retyping 



\ 
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— JOINT MKSSAOcirOltM 


^ECUAITY CtASSiriCATION 

1 


r 


•"' FAOI 




MttCIOfNCI 


tMF 


CLASS 


CIC 


FOlTMC&V^Qf.^lLPtTf^l 


/COMMUNICATIONS CE 


NTI« O 


N^^f .( 


A^T 


TnF^ 














nwrm 




or ' 














moon. 


MCSSAOC HANOLINC INSTRUCTIONS \ 

■ ■. . \ 




FROM: '/ 

TO: ; 



Figure 8A. - Top of a JofHt Messageform, DD-173; 



^ In answering question 8-62, refer to 
figure 8A. f 

8-62. What, if anything, should be typed 

between the horizontal lines indicated^ 
•by arrows? 

1. The classification indicaUS^yi 

2. The precedence indication 
3^: Any character 

. 4. Nothing 

^ . InforrnatioiB for question 8-63: You are 
typing on at DD-173 tt)e fourth page of a 
message which you thought would be completed 
on, the fourth page. You now reaGize that a' 
fifth page-will be required. You have /lumbered 
the first four pages "01 'of 04" through "04 of 
04," respectively. 



8-66. What operating-signals .are iiiserted in^ 
the ^]essage Handling Instrji^'tions block 
\ to indicate tha-t a message^nust be 
handled as a book message? 



J 



% 

8-67. 



1. 
2. 
3. 

4; 



ZYZ 
ZYQ 
ZZQ 
ZWQ 



8-63. 



How should the page numbers of tfie five 
pages read when the message is complete? 
1. ^01 of 04" through "05 of'04"- 
through "05 of. 05" 
through "03 of- 04"; 
and "05- of 05" " , f 
thorough "04 of 04" ; and 



"01 of 05" 

"01 of 04" 

"04 of 05"; 

"01 of 04*^ 

"05 of 05V 



8-64. 



What does ")221537" in the time block 
mean? ^ 

122nd'da^, 1537 Greenwich Mean Time 
12th molTth, 2t53 Greenwich Mean Time 
7 = page check 

12th month, 2153 local time, time 
zone = +f 

1st morrth, 22nd day, 1537 Greenwich 
Mean Time 



1: 



4. 



8-65. 



A message could correctly display which 
of the followT>rt| notations in its Action 
Precedence, Info Precedence, and Classi- 
fi<:ation blocks, respectively? 
1; VV; RR; UUUU 

2. RR; PP; UUUU 

3. RR; RR; 0000- 

4. PP; RR; CCCC 



Which of the following is correct 
concerning the address used on a 
DD-173? • ^ 

1. U must include the PLA as given'ln 
the PLAD, after which Wplifying 
detiils of address rrwy be added ifL 
parentheses - ' - . ' 

2. 1* must include the PLA as given* in . 
the PtAD,' clarified^ as, desired, 'by ) 
inserting commas and periods ?t>ut . 

• no oth'er punctuation) 
, 3. Itlnust be exacitly as given i-n the 
1 PLAD; no characters may be omitted 
or added 

8-68. Continuation line^may NOT be used with^ 
which of tbe following PLAs? 

1. The originator's PLA 

2. The action addressee's PLA 

3. The info addressee's PLA' \^ 

4. The exempt addressee's PLA. 

^ 8-69., What is the meaning of the operating 
signal "ZEN" appearing before, some 
action or information a^ddressees? • 

1. Such addressees are to reply within 
twenty-four hou"??, * — ^ 

2. Such addressee"^will receive/d^ mailed 
copy of the.messawe in ^ddit]on to 
the electrical.ly-fsent one . * • 

3. ^ Such addressees are to receive the 

message by other jneans 

4. Such addressees need not respond if*, 
they comply Wfthout delay; however, 
if compliance is impassible or 
delayed, they must reply within 

' twenty-four hours 



1> ( 


[a) 




b 


2.' { 




{ 




. j 






isi 






4- j 


isi 



8-70. What is the correct form and spacing 
in the classification 1 ifie to indicate 
' ' .(a) an unclassified message, and (b) a 
Confidpntial message? 

ojnclXs. 

c 0 n f i d -e n t i a l 

UNCLAS, * 
XONF ^ 
UNCLASSIFIED, ' 
CONPIDENTIAL 
U N C' L A S S I F ^I FD. 
C*0 N F I D E N T I A L 

8-71. How inar\y;slant signs, (a) precede, and 
- ib) foTldw the Staindard Sub-ject 
Idehtl'fliatiojfi Code (SSIC)? 

• 1. (ti) L (>),i 

3: (a) Z}db) 4 
. 4'. (a) 4. (b) ft 

8-72. ^oWhen passing instructions are used,^ they 
•should begin at tab stop 6, one double- 
*spaced liae below the 

1. message instructions 

2, precedence and DTG 
'3. last addressee 

4. classification line 



8-73. What isj the max.lTnum number of spaces 
that text lines may 'be indented for 
graphic clari ty? 
1. 10 1 
• 2. 12 i , 

3. 18 ; 

8-74. Which of ! the following lines displays 
the correct format of the line one' 
double-sbace below the last addressee 
of a reaqdressed message? 

1 . RADDR 785431 ° ^ 

2. JCS WASHINGT0nNiC//122037Z MAY 78 

3. RA0bRWl22037Z MftY >8. 

4. RADDR' JCS WASHINGTON DC//122037Z 
MAY 7$ ' ^ 
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Assignme.rit-^ 



Basic Message Format (continued); Radiotelephone Procedure^' 
Textbook Assignment: Pages 218 --265 



Learning Objective: (Continued) 
Use the Joint Messageform, 
00-173. 



^ Questions 9-1 and 9-2 are to be judged 
. True or False. 

9-1. When a message is referenced, the origi- 
nator's complete PLA/shoul d be given, 
"followed by the DTG, month, and year. 

9-2. The four-character security redundancy 
code and the precedence of readdressal 
messages must be the same as the message 
being readdressed. 



L'^arTiing Objective: Identify 
the publications containing 
specffic instructions relative 
,to each of a number of proce- 
dures . 



A. 


ACP 


100 and/or supplement 


B. 


ACP 


113 


C. 


ACP 


124 


D. 


ACP 


131 


E, 


JANAP 128 


F. 


NTP 


3 and/or supplement 


G. 


NIP 


4 


% 


NTP 


9 


I. 


NWP 


4 


J.. 


NWP 


7 and/or appendix 



^ In answering questions 9-3 through 9-8, 
select from list 9A the publication to 
which you have been directed by .your textbook 
to find information on the subject used as the 
question. 

9-3. the usage of various accounting symbols 
for messages . 

1. A 

2. D 

3. G 

4. H 

9-4. Classification line markings. 

1. B 

2. C 

3. F 

4- H 5 

9-5. Authorized punctuation marks and their 
abbreviated equivalents. 

1 . A 

2. E 
3. 

^ 4. J ' 

9-6. Call signs for fixed and land radio 
stations . 

1. A , 

2. B 

3. C 

4. D 

9-7. International and military call' signs 
for ships. 

1. B 

2. E • / 

3. G 

4. I 

9-8. The Plain Language Address Directory 

(PLAD). 



List 9A. 
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4 \) 



ERIC 



A. ACP 100 and/or supplement 

B. ACP 113 

C. ACP 124 . 
Di ACP 131 

I. JANAP 128 

F. NTP 3 and/or supplement 
NTP 4 

H, NTP 9 

I. NWP 4 

J. NWP 7 and/or appendix 



List 9B. 

In answering questions 9-9 through 9-15, 
refer to list 9B, 

Authorized opera1?ing signals. 

1. C 

2, D 

3, F 

4. H 

The types of general messages, 'from whom 
they originate, and their distribution. 

1. E 

2. H 

3. I 

4. J . 

Types of normal, environmental, and 
supply messages that niay be sent over 
normal channels and circui-ts during 
minimize. 

1. E 

2. 6 

3. I 

4. J 



Instructions for preparing movement 
reports . 

1. B 

2. 6 

3. I 

4. J 

Detailed information about tracer 
procedures. 

1. D 

2. E — . 
I \ \ 



9-14. Instructions regarding conriuni cations 
shift messages and their formats. 
1. B 
2: C 

3. D 

4. 6 

9-15. Instructions regarding headdress ing- 
a message. 

1. F 

2. H - 

3. I 

4. J „ 



Learning Objective: Point out' 
a disadvantage of using radio- 
telephone, and distinguish 
proper from improper operating- 
procedures. 



9-16. There are many advantages to the use of 
radiotelephone. What is an important 
di sadvantage? 

1. Radiotelephone ^equipment is quite 
' difficult to use 

2. Radiotelephone procedures necessitate 
the use of -more expendable supplies 
than most other methods of communi- 
cation 

3. Radiotelephone communication is 
slower than communication by most 
other methods 

4. With radiotelephone communications, 
there is an inherent danger of 
interception i 

9-17. Which of the following ij a prescribed 
operating procedure for 4he maintenance 
of good circuit drsciplirre and trans- 
mission security? 
■ 1. Frequent tuning and testing of the 
equipment (every time anyone can 
find a free moment to conduct tests) 
in order to keep the equipment 
squarely on frequency * 

2. Use of a directed net only with 
permiss-ion 

3. Use of plain language rather than 
prowords to avoid any misunder- 
standing ^ 

4. Positive identification of your 
transmission with your name or 
personal sign 



) 
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9-18. 



9-19. 



9-20. 



Learning Objective: Define 
beadwindow and EEFIs. 



What is a beadwindow? 

1. A rapid method of sending encrypted 
messages 

2. A method of ri^ul tiple-addressing 
radiotelephone messages to ensure 
wide dissemination 

3. A means used by net control , on a 
directed net, to get rar'pfjtl confirma- 
tion that all stations in the group 

"2N:fi recefving satisfactorily 
4.. A ineans of immediately notifying 

circuit operators of an unauthorized 
disclosure 

What are '«FIs? 

1. Essential Elements of Friendly 
Information i^ 

2. Electroni.c Epcrypt^ns of F-riendly 
Information 

3. Electronic Emissions of False 
Information 

4« Enemy-Effect,ed Fact Interceptions 

Which of tbe following is a correct 
reply to a beadwindow rne^^sage? 
i; "CONTROL, THIS IS (name of station), 
WILCO, OUT" - 

2. "CONTROL, JMlS IS (name of station), 

ROGER, OVER" 

3. "CONTROL, THIS IS (name of station), 

ROGER, OUT" 

4. "CONTROL, MESSAGE RECEIVED, (name 

of station), OUT" 



Learning Objective: Recognize 
the contents 'and importance 
of an RM's'duties, 



^ Judge whether questions 9-21 and 9-22, 
regarding responsibilities of an RM, 
are true or False. 

9-21. On relatively large ^ships, voice circuits 
are handled from the bridgeyind CIC. As 
an operator, you would be responsible 
for establishing transmitter and receiver 
services to those locations, which may 
be located a considerable distance from 
the communications spaces. 



9-22. 

\ 



9-23. 



9-24. 



9-25, 



It is vital foi^ an RM on a ship to now 
which nets- are guarded by his ship, to , 
know theiP purposes, and to be able to 
establish communications on a net or 
circuit. 



Learnittg Objective: Identify 
the three parts 6f a message, 
and demonstrate a familiarity 
with the contents and format 
of a radiotelephone message. 

How many format fines does radiotelephone 
emp 1 oy ? * 

1. 12 

2. 14 

3. 16 

4. 18 

What are the three major parts of a * 
radiotelephone message? 

1. Salutation, text, ending 

2. Heading, text, ending 

3. Salutation, text, closing 

4. Heading, text, closing 

Which of the following statements ^ 
respecting the sequencing of information 
by format line on. a radiotelephone (R/T) 
message is correct? 

1. Its -format and the format of the . 
basic naval message are similar, 
but the format line containing the 
precedence precedes the addressees 
in one and follows the addressees 
in the other 

2. Its format and the format of the 
basic naval message are similar, 
but the accounting information is 
assigned to different format lines 
in the two types of messages'^ 

3. Its format is of ^a' completely 
different arrangement from that 
of a basic naval message 

4. Its format order corresponds to 
the order of the Jbrasic naval 
message X \ 



/ 



Learning Objective: Describe 
the correct noethod of net \ 
contact when tjiere is an 
exempt addressee, and demon- 
strate a familiarity with 
the composition of the 
time group and of prowords 
to be used on designated 
format lines. 



^ ^Information for question 9-26: USS AUSTIN 
* ^ ^ 1s net control on a net, the collective 
call of which Is- OVERWORK. 

9-26. Which of the following is a correct cal] 
if the USS AUSTIN is calling all, the ^ 
members of ttie net EXCEPT USS STODDARO? 

1. AUSTIN TO OVERWORK EXEMPT STODDARD 

2. OVERWORK EXEMPT STODDARD FROM. AUSTIN 

3. OVERWORK, THIS IS AUSTIN, £XEMPT 
STODDARO 

4. OVERWORK EXEMPT STODDARD, THIS IS 
AUSTIN ' ' 

9-27. Which of the following resporises contains 
only prowords which may be contained in 
the transmission instructions^ 

1. REfeAY TO, WORDS TWICE, READ BACK, 
■ ^DO NOT ANSWER 

2. EXEMPT, RELAY TO, WORDS TWICE, 
READ BACK 

3. RELAY TO, WORDS TWICE, READ BAg<, 
EXECUTE TO FOLLOW 

4. WORDS TWICE, READ BACK, DO NOT ANSWER, 
EXECUTE TO FOLLOW. 

9-28. What proword precedes the spoken date-time 
group? 

1. DATE-TIME GROUP 

2. TIME . 

3. DATE -TIME 

4. ZULU , 

9-29. What prowords identify the address portion 
of the message, and what is their correct 
sequence? 

1. FROM, TO, INFO, EXEMPT 

2. FROM, TO, EXEMPT, INFO 

3. FROM, TO, IHFO 'Only 

4. FROM, TO, ALL EXCEPT, IMFO 

9-30. What are the prowords for (a) prefixing 
^he word group count, and (b) indicating 
^hat groups are NOT coiinted? 

1. (a) GROUP COUNT, Nj GROUP NO COUNT 

2. (a) GROUP NUMBER, (b> NO GROUP COUNT 

3. ' (a) WORD GROUPS, (b) NO GROUP COUNT 

4. (a) groups; (b) GROUP NO COUNT 



^-31., If it is necessary to clearly distin- 
guish between the first two or last ^. 
two sections of the R/T message to . 
avoid confusioir, what proword should 
be used? 
^EAK 

z. Ttop ^ 

3. SLANT ' ^ 

4. ^^ END 

9-32. It is 1601 on 21 October inyourtime 
zone,'"S.''' You wish to send a time- 
group in* format line 14, since it was 
impossible in this case to send the 
DTG earlier in the noessage. In which 
of the following ways could the 
required information be correctly 
expressed? 

1. TIME ONE SIX ZERO ONE SIERRA TWO ONE 
OCTOBER 

2. TIME TWO TWO ZERO ONE 'ZULU TWO ONE 
OCTOBER 

• 3. TIME TWO ONE ONE SIX ZERO ONE -SIERRA 
-4. TIME TWO ONE TWO TWa ZERO ONE ZULU 

9-3/. Which of the following responses contains 
only prowords which may be used in the 
"final instructions" line of^n R/T 
transmission? 

1. READ BACK, DO NOT ANSWER, WAIT, MORE 
TO FOLLOW 

2. WAIT, CORRECTION, AUTHENTICATION, IS. 
MORE TO FOLLOW 

3. WAIT, DO Not answer, CORRECTION, 
EXECUTE to FOLLOW 

4. CORRECTION, DO NOT ANSWER. ACKNOWL- 
EDGE, MORE TO FOttOW 

9-34. In transmissions in which the proword 
"DO NOT ANSWER" is used, what should 

be the ending proword(s)? 

1. E'XECUTE 

2. ,OVER AND OUT 

3. OVER / 

4. OUT ' . 



Learning Objective: Tdentify 
the normal frequency block 
andVange of short-range and 
long-range k/1 communications. 



9-35. Within what frequency range is short- 
range operational radiotelephone commu- 
' ni cation normally conducted.? 

1. 2-32 MHz 

2. 38-200 MHz 

3. 225-400 MHz ^ 

4. 600-850 MHz 
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9-36. 



What is the normal 
of short-range o| 
communication? 

1. 10-15 mi 

2, 20-25 mi 

3, 30-35 mi 

4. 40-45 mi 



tran 



Oi 



sion range 
radiotelephone- 



9~fil. The US^ AUSTIN enters port in 



a-37. 



Within what frequency range is Ipng-range, 

radlot.elephone communication normally , 
•conducted? * 

L 2-32 MHz / 

2. 38-200 MHz 
, 3. 225-400 MHz / ' 

4. 600-850 "MH? 

; 

Learning Objective: > Identify 
the net, usually used in port, 
' points ^ut wher^ to find a 
list of the officiaT voice 
call .signs, and explain the 
proper procedures for iden- 
tifying and checking into 
the net when in port. ^ . - . 



New 

ch 

lis 

wh^' 

th( 

1. 

2. 
3. 
4. 



CT, and desires to 
the local net normally 
OS in that harbor. In 
following forms should 
.1 call be? 
NEW LONDON HARBOR, THIS IS AUSTIN, 
OVER*' 

CONTROL, THIS IS AUSTIN, OVER" .~ 
PORT CONTROL, THIS IS AUSTIN^ OVER" 
HARBOR CONTROL, THIS IS AUSTIN, 
OVER" . 



Learni ng 'OW.ective: Describe 
the proce(iureS»«of a free and 
a directed net'and the respon- 
sibilities of net control #'Rd 
of other net members. , - 



' ft ... 

(Not Conttoi)- ; ■ ^-'W- 



y used ' 



most 
i n 



9-38. Op^rational/tacticfal nets af)ftl 
voice circuits used at sea. 
the name of ttfe nets normally 
^. port? . , 

1. Genera nets 
2; Administrative nets *, ^ ^'^ 
M 3. Harbor i^ets 
4. Coastal nets 

What p^lication contains a list of 
voice call signs designed tp facilitate 
speed on tactical radio ci^r£uits? 
1 . ACP IGO . 
2: JI^NAP 119 
3. .JANAP 128,_ 

:JTP 9 , ^ ^ > ^ 



OLYMPUS 



WATIR 



9-39. 



iARTHBOUND 



(Collective Cal 



AIR 



WIND \ 



FIRE 



9-4a: 



ni^y what caj^im^y, a s^iip properly identify 
'.itseltr^hen entering a port which is NOT 
mjrfr U.S. control.? 
' the vo-ice caVl signs i.t Uses on 

,t^ctical\c1rcuits. 
^ ' th'^\hki^ desig^tet-vSn -and number 

usually 

^a'Ll sign of 
•Vcally 




Figure 9A. - Radiotelephone net. 

' ^ -Assume the existence of the net shown 
* in*figure 9A any time the name' of one 
of the net members appears in questions 9-42 
through 10-19. For questions 9-42 through 
9-46, assume the net is a free net tbat has 
been tempor / closed, 

9-42. Which of the following transmissions is 
a standard initial c^?l for reopening 
Lhe net? 

1. "AIR. FIRE, WATER, WIffD, THIS IS 

OLYMPUS, OVER" 

2. "Wir^D FROM OLYMPUS, OVER" ' 

3. "EARTHBOUND, THIS IS OLYMPUS, OVER" 
,4. "EARTHBOUND FROM OLYMPUS, THE NET 

IS OPEN. OVER" 



■( 

9-43, 



9-44, 



9-45. 



9-46. 



The . initial ^call to reopen this net has 
just been given by OLYMPUS. Which of 
.the follovfing would be a correct response 
to follow inrmediately? 

1. "OLYMPUS,. THIS IS AIR. OVER"' ' 

2. "OLYMPUS. AIR HERE. REPORTING IN TO 

NET. OVER" 

3. "EARTHBOUND. THIS IS AIR^. 0VE4^" ' 

4. "OLYMPUS. THIS IS AIR. I HAVE ONE 

PRIORITY FOR FIRE. AND ONE ROUTINE 
FOR WIND,. OVER" 

If, after OLYMPUS gives the Inftial^call 
to reopen" the net. AIR fails to respond. 
apRroximately how long should FIRE wait 
before giving a response? 

1. Five seconds"" ^ 

2. Twenty^ seconds 

3. Thirty' seconds 

4. One minute 

AIR had transmission difficulty and 
could NOT answer OLYMPUS' reopening 
transmission. ^A few minutes after 
all the ^ther stations responded in 
sequence, the problem was corrected. 
Which of the following calls shoijd 
AIR now make? 

..1. "OLYMPU^'. THISu^W AIR. OVER" 
2. "OLYMPUS. THIS Js AIR REPORTING 

IN TO^NET. OV^" 
3: "EARTHBOUND. THIS IS AIR. OVER" 
4. "EARTHBOUNd.. THIS IS AIR REPORTIN(i 

IN TO NET. OVER" 

, OLYMPUS has reopened the net. all 
stations have responded, and OLYMPUS 
has acknowledged their transmissions. 
Which of the following could be a 
correct transmission to follow next? 
*1. "OLYMPUS. THIS IS^IR. I HAVE ONE 
PRIORITY AND ONE ROUTINE FOR FIRE 
AND ONE ROUTINE FOR WATER. OVE 

2. "EARTHBOUND. THIS IS AIR. I 

ONE 'PRIORITY AND ONE ROUTIN 
FIRE AND ONE ROUTINE FOR WA 
OVER" 

3. "FIRE. THIS IS AIR. OVER" 

4. "FIRE.. THIS IS AIR. I HAVE 
. FOLLOWING MESSAGE TRAFFIC F 

ONE^PRIORITY AND ONE ROUTIN 



^ For questions 9-47 through 9-50. the 
net in figure 9A is a directed net 
that has been temporarily closed. 



.9-47. 



9-48. 



9>49. 




'"^^^BO. 



Which of the following is a standard 
call for reopening this net? 
1. "AIR. FIRE. WATER. WIND. THIS-IS 
OLYMPUS. THIS IS A DIRECTED NET. 
OF WHAT PRECEDENCE AND FOR WHOM 
ARE YOUR MESSAGES. OVER" 
EARTHBOUND. THIS IS OLYMPUS. THIS 
IS A DIRECTED NET. OF WHAT PRECED- 
ENCE AND FOR WHOM ARE YOUR MESSAGES, 
OVER" = 

EARTHBOUND.' THIS IS OLYMPUS. OVER" 
EARTHBOUND. THIS IS OLYMPUS. THIS 
NET IS NOW OPEN. OVER" 



2. 



The initial call has just been given by 
OLYMPUS to reopen the net. Which of 
the foTlowing' could be a correct call 
to follow inmediately? 

1. "EARTHBOUND. THIS IS AIR. OVER" 

2. "OLYMPHi. THIS IS AIR ACKNOWLEDGING 

NET OPEN. OVER" 

3. "OLYMPUS. THIS IS AIR. I HAVE OtJE 
.IMMEDIATE FOR WATER AND TWO ROUTINE 
FOR WIND. OVER" 

4. "OLYMPUS. ThPiS IS AIR. OVER" 

Each station has traf'fic to transmit. 
Which of the following may be a correct 
transmission for OLYMPUS to make after 
all stations hav^ responded to the 
initial reopening transmission? 

1. "EARTHBOUND. THIS IS OLYMPUS. OUT" 

2. "AIR. THIS IS OLYMPUS. ROGER'. SEND 

YOUR" IMMEDIATE. OVER" 

3. "EARTHBOUND. THIS IS OLYMPUS. ROGER. 

SEND YOUR IMMEDIATE TRAFFIC. OVER" 

4. "EARTHBOUND. THIS IS OLYMPUS. ROGERS. 
■ AIR SEND YOUR IMMEDIATE. OVER" 

Since the net reopened, all Initial 
traffic has been cleared, and it has 
been fifteen minutes since anyone has 
transmitted on frequency. Which of the 
following may be a correct exchange of 
transmissions at ^is time? 

1. "OLYMPUS. Th iS WATER. I HAVE-ONE 
.-IMMEDIATE FOR AIR. OVER" "THIS 
I\S OLYMPUS. SEND YOUR MESSAGE. 
OVER" * « 

2. "EARTHBOUND. TyiS IS WATER. I HAVE 

ONE IMMEDIATE FOR AIR. OVER" 

*** "THIS IS AIR. SEND YOUR MESSAGE. 

OVER" ' • ' 

3. "AIR. THIS IS WATER. I HAVE ONE 

IMMEDIATE FOR YQU. OVER" *** "WATER. 
THIS|IS AIR. SEND YOUR MESSAGE. 
OVEV' ' 

4. "AIR. THIS IS WATER. OVER" *** "WATER. 

THIS IS AIR. GO AHEAD. OVER" 
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9-51. 



Learning Objective: Describe 
the contents of. and procedures 
used relative to the communi- 
cations log. 



Which of the following items should be 
Included in the R/T circuit log? 



1. 
2. 

r 

3. 



4. 



Frequency adjustments an4^hanges, 
causes of delay on the cinWt, and 
changing of the watch * . 

Frequency adjustments and changes, 
causes of delay tfn the circuit, and 
four-hour block counts of transmitted 
and received messages 
Causes of delay on the circuit, 
changing' of the watch ^ and the com- 
plete name*^ and rates of personnel 
who have been assigned to communica- 
tions within the past twenty-four 
hours 

Frequency adjustments and changes, 
four-hour block counts of transmitted 
and received messages, and times of 
opening and closing by individual 
stations 

9-52. 'ilhen automatic recording devices are used 
to ensure a total record of traffic, the 
time should be recorded at intervals NOT 
exceeding how many minutes? 

1. 10 min 

2. 15 min 

3. 3 min 
4,. 5 min 

9-53. How should the operator correct an error 
in the log? 

1. He should erase the error and write 
the correct entry in jts place - 

2. He shoul.d put gummed tape over the 
error and write the correct entry 
in its place 

3. He sliould dr -igle line through 
the error, am te the correct 
entry adjacent (u'the original entry 

4. He should type the correct entry on 
bond paper, cut it out, and glue it 
over the incorrect entry 



Learning Objective: Describe ^^^^^^^ 
correct procedures in trans- / 
mittl^g easily confuse<i words ,| 
encrypted groups, figures, 
dates, names, punctuation, 
- and Roman numerals. 



9-54. If part of a pl^iin text message reads 

"TO AISHA LATER," how should the operator 
send this portion to facilitate correct 
receipt? 

1. "TO ALFA-INDIA-SIERRA-HOTEL-.ALFA 

LATER" 

2. "TO. AISHA, I REPEAT, AISHA LATER" 

3. "TO AISHA, I SAY AGAIN, TO AISHA 



9-55. 



9-'56.. 



4. 



"TO. AISHA, 
"TO AISHA, I 
LATER" 

"TO AISHA, I SPELL, ALFArlNDIA- 
SIERRA-HOTEL-ALFA, AISHA LATER" 



In which of the following ways should an 
■operator transmit the epcrypted group-' 
"BRGSP'^? 

1. "BRAVO, ROMEO, GOLF, SIERRA, PAPA" 

2. "B-R-G-S-P, PSAY AGAIN, B-R-G-S-P" 

3. "I SPELL, B-R-G-S-P" 

*4. '"I SPELL, BRAVO, ROMEO, GOLF, .SIERRA, 
PAPA" 



What are two '^correct ways of clearly 
distinguishing the hujnber "two"'from 
"to" or "too" in R/T communication? 
"TWO, I SPELLJ T-W-0" and "NUMBERS 
TWO" ^ 

"TWO; THAT IS', T-W-0" and "NUMBERS 
TWO" ) 

"FIGURES TWO" and "TWO, 
TANGO, WHISKEY, 'O^CAR, 
"TANGO, WH.ISKEY, OSCAH" 
preceding) anH rw 
WHISKPV 0^^ A 



1. 
2. 
3. 
4. 



I SPELL, 
TWO" 

(n o iATfl Word 



- i! questions 9-5, 
• the standard wora 
cation' transmission of tr 



>u9h ^-63, select 
for radiocommuni- 
nformation given. 



9-57. ' The number 1950. 

1. WUN NINER FIFE ^H ^ 

2. WUN NINER FIFE^tRO V 

^ 3. WUN TOUZAND ^INEfi. FIFE ZERO 

4. NINETEEN FIFTY 



9-5'8. The number 705,000. 

1. SEVEN OH FIFE COMMA ZERO ZERO ZERO 

2. SEVEN HUNDRED FIFE TOUZAND 

3. SEVEN ZERO FIFE ZERO ZERO ZERO 

4. SEVEN ZERO FIFE TOUZAND 
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9-59. 



9-60. 



9-61. 



9-62. 



The aymber 68.7. 

1. SIX EIGHT AND SEVEN TENTHS 

2. SIXTY EIGHT DAY-SEE-MAL SEVEN 
3* SIX EIGHT DAY-SEE-MAL SEVEN 
4. ..SIX EIGHT POINT SEVEN 

The date 24 March/ 

1. TOO TOWER M-A-R-C-H 

2. TOO POWER. MARCH ' 

3. TWENTY POWER MARCH 

4. TWENTY POWER M-'A-R, 

The name-^P. J. LANDRUM. 

1. INITIALS, P-J' LANDRUM 

2. r SPELL. P-J LANDRUM. 

3. INITIALS, POXTROT JULIETTE LANDRUM 

4. I spell; foxtrot JULIETTE LANDRUM 

The punctuation (), when^required . 

1. PAREN, UNPAREN 

2. PAREN, CLOSE PAREN 

3. OPEN PARENTHESES, CLOSE PARENTHESES 

4. OPEN PAREN, t:LOSE PAREN 



9-63. The Roman number IV. 

1. INDIA VICTOR 
' 2. ROMAN POWER 

. 3. ROMAN NUMERAL POWER 
4. ROMAN INDIA VICTOR 



Learnin^Objecti ve: Point out 
correct procedures 1n identi- 
fying by caU sign, transmit- 
ting when call sign encryption 
is in effect, interrupting 
th carrier intermittently 

transmitting^ and testing 
cr. c ommu n i ca ti o n .a <u i pme n t 
over an R/T circuit . 



9-64. At what times is it mandatory ^ha,t a 
ship use its full or encrypted radio- 
telephone call sigh? 

1. Every time it transmits 

2. , Wher) it checks into the net, and 

when it^makes the first call of the 
day to any member of the net ji 

3. On the first transmission after 0000 
local time e^ach day only 

4. -When a net is first established, and 

when the ship initially reports into 
an establ ished net 



9-65. If an operator^ is t/'ansmi tting an R/T 

communication while cafll sign encryption, 
is in effect,' and sees that ship/uijit ^ 
names appear itt the texjt, which of the 
following should he do? 

1. He should transmit the text exactly 
as it is p'repared 

2. He should. replace the ship/unit 
/ names with their encrypted call 

signs or adflres6 'groups , preceded,' 
if desired, by the proword CALL SIGN 
or" ADDRESS GROUP 

3. He should stop transmitting the ' 
message,, send "DISREGARD THIS TRANS- 
MISSION," and hold the message for 
transmission after call sign encryp- 
tion is lifted 

4. He should replace the s)iip/unit names 
with the codeword CSEE (call sign 
encryption in effect), and furnish 
the actual names later after call 

' sign encry})tion is lifted 

9-66. Which of the -fol lowing is the pri^mary 
reason why an operator, while trans- 
mitting an R/T message, should pause 
and interrupt the carrier momentarily ^ 
after each natural phrase? 

1. To allow the receiving unit to break 
in, if desired \ 

2. To make it more difficult for a 
hos'tile unit to pinpoint the exact 

^ location' of the sending unit 

3';; To keep the transmission Ij'nes from 
overheating 

To give the receiving operate i time 
to catch up if he is behind 

9-67. In the conduct xyf an equipment testjon 
an R/T circuit, (a) what; words are^^ 
spoken for testing, and (b) what is^^e 
maximum time limit for the test? 
Numerals, 
10 sec 
Numerals , 
15 sec 

Letters, spoken phonetically. 



4. 



(a) 
(b) 
(a) 
(b) 
(a) 
(b) 
(a) 

(b) 



15 sec 
The word 
desired, 

10 sec . 



"testing," repeated as 
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Learning Objective: Describe 
the correct sequence of n^t 
responses, and the procedures 
for radio, "WOftDS TWICE." ^ 
"READ BACK/' transmission 
correction^,' requests for;^ 
retransmission of missed 
parts ^f messages , and^mes- 
sage cancellation. (This 
^ objective is continued in 

Assignment 10.) ^ ; ^ 

\ ' 

' [ ' 
9-68, When abbreviated call signs are used bn 

- a net, In wh-ich of the following sequences 
^ should members of the net respond? 

1. In alphabetic order according to the 

abbreviated call sign 
.2. In alphabetic order of the full call 
signs for which the abbreviations 
stand » 
2, 3. »In the order prescribed by net 

control, who is directed to assign 
an answering sequence in such 
circumstances 
4. In the order prescribed by the 
•J current quarterly edition of the 
publication Net Procedures " 

9-69. The following transmission exchange takes 
place between AIR and WIND: 
*'WIND, THIS IS AIR. RADIO CHECK, OVER" 
"AIR, THIS IS WIND, ROGER, OVER" 
What is the meaning of the exchange? 

1. AIR has informed WIND it is time for 
wind's radio check, and WIND has 
acknowledged the call. AIR will now 
give WIND, a report on signal strength 
and readability 

2. AIR is requesting a radio check, and 
WIND has, agreed to aid. AIR^will iiow 
give » test call, after which WIND^^ 
will give the signal report 

3. AIR has requested that WIND give a 
report on AIR's radio signal, and 

^ WIND^has agreed. WIND will make a 

\ second transmission to AIR within, 

three minutes and give the report 

4. AIR has requested WIND to give a 
report on AIR's signal. The omission 
of comment on signal strength and 
readability in WIND'S reply informs 
AIR that the signal^is satisfactory 



9-70. Which of the following reports on signal 
strength and i^eadability is in proper 
Navy R/T communications form? 
^ 1. "FOUR BY. FOUR" 
/ 2. "FULL QUIETING" 
/ 3. "WEAK AND. DISTORTED'' < 
^ 4. "SIGNAL STRENGTH 3, READABILITY 4" 

Because poor communication. conditions , 
OLYMPUS' includes the prowords "WORDS - 
TWICE" and "READ- BACK" In a transmission to FIRE. 
Use the following as the alternatives for ques- 
tions 9-71 through 9-74: 

1. . One time 

2. Two^tijlfes?^ 

- 3. None 

9-Zl. How many times, if any, should OLYMPUS 
send the proword "THIS IS"? 

9-72. How many times, if any, should OLYMPUS ^> 
send the proword "WORDS TWICE"? 

9-73. How many^ times, if any, should FIRE send 
the proword "ROGER"? 

9-74. How many tim^, if any, shotild FIRE send 
each word of the text? 
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Assignment 10 ' 

Radiotelephone rrocedures (Continued); Ijjjanual *Te1 etyj^ewri ter Proc 
Ve^tbook'Asiignment:* PageSy;267 285 r ^ 



V 





Lerfrning Objective: (Cohtiriued) 
Describe th'e procedures for" » 
transmission* corrections , 
requests for retransjnis§ion 
of iniss6c^,parts o'f messages, 
and message cancellation. 



10#2. 



(Net Control 



OLYMPUS 



WATER 



EARTKBOUND 



(Collective Ca I 



AIR 



WIND 



FIRE 



^ Figure lOA. 



^In answering questions 10-1 .throug^^^ 
10-19, refer to figure J OA. 

An operator has just .transmi tted : 
■•it)5.E TEST CHARLIE" as part of a 
message, and now realizes that the 
word sent as "TEST" is actually 
"TEXT." Which of the following 
transmissions is in the correct 
form for him to serid next? 

1. "CORRECTION, USE TEXT CHARLIE" 

2. "CORRECTION. CHANGE TO USE TEXT 

CHARLIE" 
-r3. "CORRECTION. 
4. "CORRECTION. 
TEXT" 



TEXT VICE TEST" 
STRIKE TEST, INSERT 



i 



SAf AG. 



AGAIN ALL 



An operator oVi \he AIR had received 
nearly an enti'r% message ^from WIND 
when a loud noise occurred, causing 
him to rrrfss the' remainder. * The last 
part of the text he receivedSjas 
"ADVISE IF ANY," Which of the* - 
following transjni ssions should 'Ke 
send? ■ ^^^-^ 'I ^ * 

1.. "WIND, THIS'IS AIR. REPEArTEXT, 

OVER" -i^ ' 
2. ."WIND, THIS IS AIR. , SA)(„AGAIN 
/ TEXT, OVER" 
'3. "WIND, TH^SflS AIR 

AFTER ADVISJ IF ANY 

4. "WIND, .fnis R Wr. say again all 

AFTER ANY , OVER" 



10'-3. An operator on board the FIRE was 

receiving a message from OLYMPUS, but - 
missed/ the FROM, TO, and INFO 'portions , ' 
He reeeived and ftopied the EXEMPT por- 
tion. How should he request the part 
he missed? 

1. "OLYMPUS, THIS IS FIRE. SAY AGAIN ^ 

ALL BEFORE EXEMPT" 

2. "OLYMPUS, THIS IS FIRE. SAY AGAII^ 

FROM TO EXEMPT, OVER" 

3. "OLYMPUS, THIS IS FIRE. REPEAT 

FROM,, TO, AND INFO, OVER" 

4. "OLYMPUS, THIS IS FIRE. SAY AGAIN 

ZULU TO EXEMPT, OVER;' 

10-4. What should be transmitted- to cancel 

(a) a Hlftsage in process of being sent; 
. any (b) a message tnat has been com- 
pletely sent? 

1. ' (a) The proword, "DISREGARD THIS" 

TRANSMISSION, OUT;" -s. 
\(M by separate message, "CANCEL 
♦ MY . . .«fdate-time group), OVER" 

2. (a) The proword, "CANCEL THIS'TRANS- 

MIS'SION, OUT;" ' 
(b) by sep'^rate mes'sage, "DISREGARD 
MY ... (date-time group), OVER" 

3. (a) The proword, "DISREGARD;" 

(b) by separate message, "DISREGARD 
MY ... (date-time group), OVER" 

4. (a) The proword, "CANCEL;" 
(b)^by separate message, "CANCEL 

MY ... (date-time -group) , OVER" 
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Learning Objec;tlv^: Point- oat 
correct proce^^^^es for the 
recei.pt, ackn^l^^gement, ;and 
verification oi a message.' 



(b) WILGO 
(b) WILCO 
(bJ ROGER. WILCO 
(b) ROGER. WILCO 

for (a) tbe receipt 
^edgment of a message 



Whdt are the proWOrds for (a) the 
rece'ipt of a ff^ess^ge. and (b) the 1 
acknQwledgmen*^ a message? ' 

1. ^ [si) RECEIVED; 

2. (a) ROGER; 

3. , (a) ROGER; ^ 

4. (a) RECEl«j:EDi^ 

What do the prow 
ahd (b) the a^^Jfhov 
indicate? 

L (a) I hav^ received an<J understand 
,'^your 1 3st transmission; 
(b) I #)av^ fjeceived your 5igna,l, . 
^Underif0t3ff^d it, and will comply 
I ha^received your fast trans- 
Ti^s'^iif^S^tlsfactori ly; 
I hav^ received your signal,^ 
understand it, and will comply 
Ca) I hav^ received your -last trans- 

^ni!isic»n satisfactorily; 
(b) I Will cortiply within 24 hours 
4. (a) I hav^ i^^^eived and understand 
•your 1 cist transmission;*^, 
(b) I Will cortipiy within 24^urs 

In addition to th^ commanding officer, 

who is/are au^^o'^^zed to initiate an 

acknowledgment- fo^ a me^ssage? 

1. The comitiun 1 cat ions ^Officer and the 

assistar^t coi^^unications officer 
^2. The corni^gnding officer's authorized 
representative and the conmuni ca- 
tions offi cer 

3. ^ The cornr^gnding officer's authorized 

representative and the operations 
officer 

4. The comHian^if^^ officer's authorized 
represent^ tiv^ only 



10-8. Lf an operator receives a request to 
' verify part of a message, he sholild 
find it and check th$ cryptography, 
(if it is encrypted).^ What else 
should he always do before transmi ttijig 
the verification, of the message? 

1. Verify his reading of the message 
witb the senior enlisted person " 
in comnaini cations . ^ 

2. Verify his heading of the message 
wjth th^ communications officer 

. 3. Verify the-message with the person. 
' who originated it - 
4. Ask the requesting operatbr specif- 
ically which word(s) he suspects ' 
is/are in error in order that he 
may check more specifically 



~T^s ^ ^ 

Learni'ng Objective: Na.me the- 
general types of authentica- 
tion 'and describe procedures 
for>-breaking in. on a net in 
order to send FLASH messages, 
for using the delayed execu- < 
tive and immediate executive 
method, and for imposing 
emergency s faience . 



^ Assume th^^oTlowing sitiiation in 
• ^questionsTO-g and 10-lo\ WATER is^ 
sending ROUTINE, messages tO/WINoL The operator 
on the FIRLis^jven a FLAS|pw^age for AlR. 

10-9. it the un>£sname.d are opei;ating on a 
fl^e ne>rW)e operator on the FIRt 
shfOulfzTDreak 'in arid make what trans- 
mission? 

1. *AiR, AIR, Air, this is fire, i 

^HAVE ONE FLASH FOR YOU, OVER" 

2. "/VIR, AIR, AIR, THIS IS FIRE, FLASH,. 
OVER" 

3. "RASH, FLASH, FLASH. AIR, THIS 

IS^-f-IRE, FLASH, OVER" 

4. "FLASH, FLASH, FLASH. AIR, THIS 

IS FIRE. ' I HAVE ONE FLASH FOR 
YOU, OVER" 

10-10, If the net is directed, the operator 
on the FIRE should make what trans- 
^ mission"? - 

1. "OLYMPUS, OLYMPUS, OLYMPUS, THIS 
IS FIRE. I HAVE ONE FLASH FOR 
AIR^,'CJVER" 

FL/ISH, FLASH, FLASH, OLYMPUS, THIS 
IS F^RE, FLASH FOR AIR, OVER" 
FLASH, FLASH, FLASH, OLYMPUS, THIS 
IS FIRE, REQUEST PERMISSION TO 
SEND ONE FLASH TO AIR^ OVER" 
AIR, AIR, AIR, STAND BY FOR FLASH. 
OLYMPUS,^ THIS IS FIRE, OVER" 
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♦ 10-11. Which' of the foUowing transmissions 
; is. in the correct -format to impose 

efn^rgency silence? \ 
•'l. 'l^ARTHBOpD, THIS IS OLYMPUS, 

' SILENCET SILENCE;, SILENCE, OUT" ' 

2. "EARTHBOUND/ THIS IS OLYMPIJS, 

EMERGENCY 8ILENCE, SILENCE, 
. SILENCE, out" 

3. "EARTHBOUND, THIS IS OLYMPUS, ' 
^ EMERGENCY SILENCE, SILENCE, 

' ' . . SILENCE, TIME ONE ONE THREE EIGKT 
. - ZULU, OUT" 

4: "EARTHBOUND,' THIS IS OLYMPUS', 
« SILENCE, SILENCE, SILENCE, JIW 
ONE ONE THREE EIGKT ZULU, OUT", 

K)-12. Which of the following is a co^rect 
example of a tactical message sent 
by the delayed executive method? 
^ 1. "EARTHBOUND, ^THISMS OLYMPUS, SHIFT 
YOUR RUPDER, STAND B^Y TO EXECUTE, 
OVER" • 

2. "EARTHBOUND, THIS IS OLYMPUS, DELAY" 

EJ(ECUTE, SHIFT YOUR RUDDER', OVER" 

3. "EARtHBOUND, THIS IS OtYMPUS, EXE- 

CUTE' TO FOLLOW, SHIFT YOUK RUDDER, 
, OVER" 

' 4. "EARTHBOUND, THIS IS. OLYMPUS, DEFER 
EXECUTION, SHIFT YOL/R RUDDER, OVER" 



10-15. 



10-16. 



10-13. 



The executive signal that follows a 
delayed executive tran^issiDo^can 
correctly -be exempl if^ted in which of 
the following waysj?/ 

"EARTHBOUND, THIS IS ^LYMPUS. 

STAND BY, EXECUTE >FIRE, OVER" 
"EARTHBOUND, THIS IS OLYMPUS. 

PREPARE, EXECUTE, TlRE, OVER" 
"EARTHBOUND, THIS IS OLYMPUS. \ 
THREE-TWO-ONE-EXECUTE, FIRE, \ 
OVER" \ 
'^EARTHBOUND, THIS IS OLYMPUS.^ 
EXECUTE, FIRE, OVER" 



1. 



3. 



4. 



10-14: 



Following is an example of the beginning 
of a message sent in the immediate 
executive method: "EARTHBOUND, THI^S 
IS OLYMPUS, IMMEDIATE EXECUTE, BREAK", 
SHIFT YOUR RUDQER." Which of, the 
following endings is in the correct 
format? 

1. "FIRE, WATER, EXECUTE, DVER" 

2. "I REPEAT, SHIFT YOUR RUDDER, 

EXECUTE, FIRE, WATER, OVER" 

3. "I SAY AGAIN, SHIFT^ YOUR RUDDER, 
EXECUTE,^ FIRE, WATEr, OVErJ 
I SAY ^GAIN, SHIFT \YOUR RIJPDER, 
STAND BY, f)ECUTE,/IRE', WA.TER, 
OVER" 



10-17- 



Generally speaking, what are the two 
types of authentication?. 

1. Challenge and reply,, and transmis-. 
sion 

2. Password response and transmission 

3. Challenge and reply, and code .key 

4. Password respogse and code key 



Learning Objective: State the, 
conditions under which enemy 
corilacts are made" more than 
once, describe, the correct ^ ^ 
procedures for transmitting 
code words, state the prowor;d 
to precede the trammission 
of flag signals,* imd give the 
term' for the standard "words 
and phrases us^d to 'standardize 
and speed transmissions. 



Reports of enemy .contacts -are normal ly 
to. be made only once when you are i'n " 
direct communication with the Officer r 
in Tactical Command (OTC), a higher 
authority, or a shore radio station. 
Under what two conditions ^re enemy ' 
contact reports made more than once? 

1. When "DO NOT ANSWER" procedures 
are used; when the text consists^' 
of emergency alarm signal^ 

2. When the text consists of emergency 
alarjn signals; when adverse weather 
conditions prevail 

3. When "DO NOT ANSWER" procedures 
are used; when adverse weather 
coaditions prevail 

■4. When it seems likely the enemy is 
preparing to attack; when "DO NOT 
^ ANSWER" procedutjes are used 

What is the proword(s) used on adminis- 
trative nets to- precede the transmission 
of flag signals? 

1. "FLAG SIGNALS" 

2. "FLAG" 

3. "SIGNALS" 

4. "FLAGSIGS" 
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10-18; What is the proper term for the words 
ajid pfttfElses used in radiotelephone to 
ftantfardize the vocabulary, increase 
' accuracy, and shorten the time of . 
transmission when messages are sent 
that relate to such specialized sub- 
* jects as tactical maneuvering, elec- . 
ti^onic countermeasures,' air cojitrol , 
' etc.^ 

1. standard tactical code 
, ■ "2. Standard shor"f* forms 
' • 3. Operational short forms 
4. Operational brevity codes 



Learn/ing Objective: Select 
the piubli cations recommended 
for increasing proficiency 
as an R/t comnuni cations 
•operator. 

10-19. One of the best times to know and the 
worst tim^s to look up proper communi- 
cations prbcedures is when the op.era- 
tiotoal situation is critical and 
requires quick action. The last part 
of chapter 12 of your textbook recom- 
mend*s the careful study of two publica- 
tions and part of a third to enhance 
the skill of radiotelephone operators. 
Which publicatiofts-are they? 

1. ACP 125, ACP 165, and part of ATP 1 

2. NWP 4, NWP 33, and part of KAG 1 

3. CMS 4, KAG 1, and part of ACP 125 

4. ACP 122, ACP 125, and part of 
ACP 165 



Learning Objective: Identify 
a publication that contains ■ 
detailed information pertain- 
ing to manual teletype pro- 
cedure, and exp^in the 
purpose and usafpe of various 
teletype machine functions. 



10-21. If- "(FIG) 46573 (SP) 287,63" is trans- 
mitted d1l a Navy teletype, how would 
it be' received on (a) d commercial 
[ teletypewriter exchange teletype ^TVfi() 

and (b) a Navy teletype? 
• 1. (a) 45573 28763, (b) 45973 WIUYE 
2.. (a) 45573 WIU^, (b) 45573 2-8763 

3. (a) 45573 28763, b) 45573 28763 

4. (a)^45573.WIUYE, (b) 455J3 WIUYE 

10-22. HowwbOld "(FIGS) 17642 (SP) WRITE," 
y J transmitted on a TWX \elQtype, be 

received on (a) a TWX teletype and " 
(b) a Navy teletype?. 

1. (a) 17642 WRITE, (b) 17642 24853 

2. (a) 17642 24853, ^b) 17642. tJRITE 

3. ' (a) 17642 24853, (b) 17642 2^853 

4. (a) 17642 'WRIT'E, (b) 17642 WRITE 

trans mi t ^^60 27539" 
teletype and (b) a JWX 



and procedures 
teletype 



10-20. Which of tT^e following publications 

contains detailed information concerning 
basic teletype machine f^jnctions, 
operating instructions, 
associated with manual 
procedure? 

1. ACP 100' 

2. ACP 113 

3. ACP 124 

4. ACP 126 \ 



10-23. 



10-24. 



How "Should you 
on (a) a Navy 
teletype? 
1. ^) (FIGS) 
' (b) (FIGS) 
(a*) (FIGS) 
(b) (PIGS) 
ia) (fIGS) 
' (b) (FIGS) 
(a)- (FIGS) 
^(b) (FIGS) 



2. 



14860 (^P) (FlGSi 27539, 

14860 (SP) (F.IGS) 27539 

kaeO (SP) 27\539, . . 

14860 (SP) 27539 

148^0 (SP). (FIGS) ^27539, 

14860 (SP) 27539 

14^60 (SP) 27539, 

14860 (SP) (FIGS) 27^39 



Why should the carriage return (CfV) be 
pressed twice rather than just once? 

1. To provide a second chance for the 
mechanism to en^fage, should it 
fail "to do so the first time 

2. To allow suffi.cient time for the 
carriage to return all the way to 
the left margin before typing 
resumes 

3. Because the machine design by the 
manufacturer is. S;uch that some 
functions are initiated by a single 
stroke, and others, including CR, 
^ a double stroke 

4. Because it takes one stroke for the 
carriage to go ba'ck and one stroke 
for the paper to turn up to the 
next line 
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In qiMStlons 10-25 through 10-28, select from 
coTim B tht tt1«typ§ functions associated with 
tta i^cttdfis listed In; coli 



10-32. 



A. Actions 



10«25. Tht advancement 
of blank tape 
through tht 
/ punch block of 
tht ttlttypt 
• ptrforator 

10^26. Tht changing of 
lipptr or lower 
cast to tht 

opposite 

10-27. The advancement _ 
of tht paper up 
tht page 

10-28. The advancemtnt 
of the carriage 
(type box) 
the riaht with- ♦ 
out printing 




Teletype 

Functions 

1. Line feed (LF)^ 

2. Space (SP) 

3. Blank (BL) 

4. Shift/unshifjt 



10-33. 



10-34. 



10-35. 



10-29. To attract the attention of the 
receiving operator* ' the sending 
operator ^should activate the^Jfell 
signal by sending whiich of the 
following transmissions? 

1. (FIGS) JSJSJSJSJS (LTRS) t , 

2. (FIGS) JJJJJSSSSS LTRS) 

3. I-FIGS) JJJJJ (SP).(FIGS)'.SSSSS (LTRS) 
^ . 4, (FIGS)J(SP)J(SP)J(SP)J(SP)J(SP) 

S(SP)S(SP)S(SP)S(SP)S(LTRS) 

10-30. What type of equipment utrliizes (a) a 
warning light and (b) a margin bell to 
indicate th€^>approach of the end of the 
typing line? \ 

1. Both (a) aa<d (b), page .printers with, 
direct, line operation capabilities 

2. Both (a) .and (b), tape perforating 
equipment 

3. ia) Tape perforatingequfpment, 
(b) page printers with direct line 

operation capabilities 

4. (a) Page printer-s with direct line 

operation capabilities, 
(b) tape perforating equipment 

10-31;: What are the alignment functions that 
must precede all message -transmissions? 

1. 3SP, 2CR, 2LF 

2. 5SP, 2GR, 2LF 

3. 5SP, 2CR, ILF 

4. 8iP, 2CR,^1LF 



10-36. 



What is the correct^procedure for 
returning the carriagt and placing 
it In the proper positioner the 
next Itne of text? ^ 

1. 3CR on1y\ 

2. 2CR, 2Lr 

3. 3Cil, ILF 

4. 2CR, ILF 

What is the function group used 
between pages of a long message? 

1. 2CR, 2LF. 12LTRS ' 

2. 3CB, 2LF 

3. 2GR,. 4LF only 

4. 2CR,;4LF.--NNNN * ; /\ 

• What is the standditd group of functions 
that comprise the end of message (EOM) 
functions? v . 

1. 2CR, 8LF. NNNN, 12LTRS. 

2. 2CR, 8LF. mm. 6LTRS 

3. 2CR. 12LF. NNNN only /' 

4. 2CR, 12LF. NNNN. 12LTRS' 

What is the standard maximum rfumber of 
characters, including spaces, for each 
line? ^ , / 
1; 63 - / 

2. 65 ^. • .^^ ^ 

3. 67 

4. 69' ' 



Learning Objective: Specify 
the authorized abbreviations 
and symbols for message 
punctuation. 



Which of the fol Towing alternatives 
contains either an abbreviation or a 
symbol that Is NOT authorized for 
teletype transmission? 



Abbreviations 



1. QUES 

2. HPHN 

3. CLN 

4. PAREN 



Symbol g 
? 



10-37. ^Which of the following alternatives 
' contains either an abbreviation or a 
symbol that is NOT authorized for 
teletype transmission? . 





Abbreviations 


Symbols 


1. 


PD 




2. 






3. 


SLANT 


/ 


4. 


QUOTE-UNQUOTE 


II 
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vWhIch of the following statements 
^concerning the use of "X" as punctua 
tlon In messages Is correct? 




10-39, 



10-40, 



It Is mandatory that "X*' be used' 
is punctuation at a specified 
point in each message, but this 
Is the*only point at whicK it 
may be used 

The letter "X" may be used when 
exact punctuation is not required, 
and:* no ambiguity will resell t from ^ 
4:ts use ^ 
At one specified, point the phonetic 
form "X-RAY" must be used, and 
hroughout the message "X-RAY" is 
more acceptable form of punctua- 
.ion than "X" 

he use of "X," Either as a single- 
letter or phonetic form, as punc- 
tuation is forbidden 



Learning Objective: Explain 
the format of basic teletype- 
writer messages. 



What publicatipn gives detailed usages 
of format line 1 with reference to 
tape, relay procedures? 

1. ACP 127 

2. JANAP 128 - 

.3. NTP 3 ^ 
4. NWP 4 

Which of the following is NOT an 
approved use of format line 1? 

1. - For "pilots" (message handling 

instructions)' s^nd for "pilot cards" 
■ 'containing special handling instruc- 
tions in data "^communications . 

2. For transmission idenlsification 
(TI), norj^lly channel numbers, 
and for sOfe of message (SOM) 
indicators i 

3. For indicators of the jnclusion 
of foreign language words 

4. For use in specified AUTODIN 
methods of operation 



Learning Objective: Describe 
or, iden};ify procedures for 
manual teletype (TTY) calling, 
answering, and* testing. ■ 



In items 10-41 through 10-43. select from 
column B the name of the type of call shown • 
in column A, (NN6D and NFGO ar4 sing]e 
stations; HZDQ is a collective call including 
several stations, ) 



Calls 



10-41, 
10-42. 
10-43. 



NNBD DE NFSK K 
HZDQ DE NFSK K 
NNBD NFGO DE NFSK i 



B, Types of Calls 

1. Single call 

2. Multiple call 



10-44. NBCR .wants to send a TTY message to 
action addressees NMJQ and: NKYP, and 
to info motion addressees NBBW and 
NKQY, WhTch of the following should 
appear in the message? (Machine 
functions are NOT shown,). 

1, ACT NMJQ NKYP DE NBCR 
INFO NBBW NKQY DE NBCR K 

2. NMJQ NKYP FM NBCR 
ZFH2 NBBW NKQY FM NBCR 

3. NMJQ NKYP DE NBCR 
NBBW NKQY 

4, NMJQ NKYP NBBR NKQY DE NBCR 
ZFH2 NBBW NKJJY 

10-45. Which, if any, of the following state- 
ments is correct relative to the 
following example, received as part of. 
a TTY message? - 

(5SP)(2CR)(LF) 

NMJQ NRSV NBBW DE NBCR (2CR)(LF). 
ZFH2 {2CR)(LF) 

1. NMJQ, NRSV, and NBBW are all infor- 
mation addressees 

2. NMJQ, NRSV, and NBBW are action 
addressees; ZFH2 is a transmission 
instruction connected with format 
line 4 , . 

3. NMJQ, NRSV., and NBBW are action 
addressees; ZFH2 is an information 
addressee • 

4. The last two addressees ^ NRSV and 
NBBW, are information atddressees, 
as indicated by the "2" in "ZFH2" 
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10-46. 



HZDQ has Just Initiated a call to 
NBBW. How should NBBtt answer? 



10-47. 



10-48. 



10-49. 



10-50. 



2. 
3. 



4. 



(5SP)(2CR)(LF)' 
NBBW K (2CR)(LF) 
(5SPy(2CR)(LF^ 
HZDQ DE NBBW K (2CR)(LF) 
(5SP)(2CR)(LF) J 
HZDQ DE NBBW GO AHEAD K 
(5SP)(2CR)(LF) 
HZDQ DE NBBW STANDING BY K- 



the messat 




1. 


SSP}I 


fIcR 


2. 


(2CR)l 


8LF 


3. 


SSP 1 


2CR 


4. 


(SSP)I 


[2CR 



HZDQ has called NBBW, and NBBW has 
answered. What puichlne function 
should HZDQ execute prior to sending 



only 



If a station falls to answer In proper 
sequence when, a multiple call Is made, 
how .long sho'oifd the next station wait 
before responding? 

1. 5. sec 

2. 10 sec 

3. 15 sec 

4. 20 sec 

In a net of six stations, If the station 
that should have answered first Is NOT 
able to answer, but clears Its problem 
just as the third station answers, 
which, of the following procedures 
should the first station follow? 

1. It should answer between the third 
and fourth stations 

2. It should answer between the last 
two stations 

3. It should wait five seconds after 
the last station answers, transmit 
the bell signal, and then answer 

4. It should answer within five 
seconds after the last station 
responds 

A certain circuit has just opened after 
experiencing cfifficulty. NBCR correctly 
conducts a standard test. He fii^st 
transmits (5SP)(2CR)(LF) . Whjch of 
the following may be thtf next part 
of his transmission? 

1. JHIS IS A TEST 

2. HZDQ DE N^CR 

3. NBCR TESTING 

4. TEST HZDQ DE*mR 



.10-51. 



10-52. 



10-53. 



10-54V 



Learning Objective: , Describe 
various procedures relative 
to ending prosigns and message 
precedenf:e. 



When a message transmission ends with 
"AR," may a station, in accordance 
with regulations, (a) receipt for the 
message, and (b) request a verification? 

1. Both (a) and (b), no 

2. (a) No, (b) yes 

3. (a> Yes, (b) no 

4. Both (a) and (b), yes 

In duplex operation, when, if ever, 
should messages being transmitted be 
interrupted to respond to received 
messages? 

1. Any time the received message is 
of higher precedence than the 
message being transmitted 

2. Only when the received message is 
of FLASH precedence and the message 
being transmitted Is of lower 
precedence ' 

3. Only when the received message is 
of IWEDIATE jjrecedence or higher 
and the message being transmitted 
is of lower precedence 

4. Never ^ 

If a string of messages is being trans- 
mitted, when should responses ordinarily 
occur? 

1. After the last message only 

After every fifth message and the 



2. 



4. 



last message 
After every third message and the 
last message 
After each message 



If multiple-page messages are being 
transmitted, when should j^esponses 
be made? 

1. After the last page only 

2. After every third page and the 
last page 

3. After every second page and the 
last page 

4. After each page 
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10-55. Whose responsibility is it to assign 
the precedence to a TTY message? 

1. The originator of the message 

2. The coinmunication$ officer 

3. The senior enlisted man in 
coirmuni cations ' 

4. The Classified Material Control 
Officer 

10-56. A message is being sent to NBAT for 
action and NFWS for information. Its 
precedence is IMMEDIATE to NBAT and 
PRIORITY to NFWS. Which of the 
following precedence entries is 
correct? . 

1. 0 ACT P INFO 

2. 0 P INFO 

3. OP 

4: 0 P • 

10-57. Which» if any, of the following explana- 
tions-gives the correct meaning of the 
following initial call? 

(5SP)(2CR)(LF) . , w V 

NBAT DE NFWS.ZB03 0 P R K (2CR)(LF) 

1. NFWS^ identified^y ZB03 as the ' 
thi rd station to 'respond on the net, 
has messages of'O, P, and R preced- 
ence for NBAT 

2. NFWS is sending the same message 
to three action addressees. It is 
0 precedence to those required to 
reply, P to^other action addressees, 
and R to info addressees 

3. NFWS. has three messages for NBAT, 
these havingMrecedences 0, P, and R 

4. NFWS has anTP$pecified number of 
messages of precedences 0, P, and R 
for NBAT 

10-58. On simplex' circuits, what is the stand- 
^ ard transmission used to interrupt 

message traffic for a FLASH message? 

1. (FIGS) A FIGS) A (FIGS) A 

2. (LTRS) Z (FIGS) JS (LTRS) Z 
(FIGS) JS 

3. (FIGS) JJJJJSSSSS 

4. (FIGS) JSJSJSJSJS 



Learning Objective: Describe 
correct procedures for cor- 
recting teletype errors when 
a unit is in direct cownuni- 
cation with another unit, 
and also when it is preparing 
tape for transmissiorr. 



10-59. During manual transmission of a message 
text, an operator,, attempting to Send 
"PERFORM ALL DUTIES," sent "PERFORM ALL 
DTUIES." Being aware of his error, 
what should he send riext? 

1. (FIGS A (FIGS) A (FIGS) A 
(LTRS ALL DUTIES 

2. (FIGS JJJJJSSSSS (LTRS) ALL DUTIES 

3. (FIGS) JJJJJSSSSS (LTRS) EEEEEEEE 
ALL DUTIES 

4. EEEEEEEE ALL DUTIES * 

^ Judge whether questions 10-60 through 
• 10-63, relatingvto correcting tel§type 
errors, are True or Falsis. 

10-60. When tape is being prepared for trans- 
mission, an error in the text may be 
corrected by backspacing the tape, 
striking the'^LTRS key t;o block out the 
error, and then retyping. 

10-61. When tape is being. prepared for trans- 
mission, an error in the heading may 
be corrected by backspacing the tape, 
striking the LTRS key to block oui the 
error, and then retyping. 

10-62. Whtn ti)e unit is in direct communica- 
tion with another unit, an error in 
the heading may be corrected by using 
the error prosign, repeating the last 
prosign or operating signal correctly 
sent, and continuing. 

10-63. If an operator sent "READY CORRECTION" 
vice "READY CONNECTION" in the text 
but did not notice it until later, he 
may properly correct it at the, end of 
. the message in this way: 

( .Text of message) (2eR)(LF) 

BT *(2CR)(LF) 

C WA READY - CONNECTION (2CR)(LF) 
( . . .Operatina signals and prosigns 
as required"). 

1^ 
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10-64. While preparing a tape for transmission* 
an operator^ made a ml stake -on the second 
page of a four-page message. He was on 
the fifth line down from the' error (and 
two lines from the end of the page) 
when he realized his mistake. Where 
houlj he correct It? 

1. Immediately after the line he Is 
transmitting now 

2. Starting at the location of the 
error. Go back and LTR out all 
characters from the place the 
error was made 

3. At the bottom of the page on which 
the error occurred 

4. At the end of the message 



In questions 10-65 through 10-67, assume 
^ that correct operation signals are 
included. They have been '.omitted for the sake' 
of simplicity. 

10-65. NABC received a message from NZYX,^the 
text of which began as follows: 

"ONE P3C AIRCRAFT AND TWO S2 AIRCRAFT 
EWXWNTLY ARRIVED 
The word rex:e1ved a§ "EftXWNTLY** shbuld 
be "RECENTLY." If NABC transmits "NZYX 
DE NABC IMI WA AIRCRAFT," what answer 
should he receive? 

1. NABC DE NZYX WA AIRCRAFT RECENTLY K 

2. NABC DE NZYX WA AIRCRAFT RECENTLY 
VICE EWXWNTLY K 

3. NABC DE NYZX -EEEEEEEE AIRCRAPI 
RECENTLY K 

4. NABC DE NZYX WA AIRCRAFT AND K 



Learning Objective: DesdriCJe 
procedures for, questioning 
A words or groups in merssages, 
repeating or asklr^g for 
repetitions, and handling 
messages when unable to 
get Immediate corrections. 

10-66. What is the correct procedure for NABC 
to use to request NZYX to repeat the 
S'ixth group of an encrypted message? 
. 1. = NZYX DE NABC IMI 6 K 

2. NZYX DE NABC IMI SIX K 

3. - NZYX DE NABC IMI SIXTH K 

4. NZYX DE NABC IMI GRP 6 K 



lo-sg. 



10-67. *If NBQD receives the transmission, 
NBQD D£ NPVD IMI BT TO BT K, 
what part of the message should he 
retransmit? 

1. The text only 

2. All except the text 

3. The heading and the text 

4. -The heading only * 

10-68. If an operator receives a medium-length 
message of 0 precedence for forwarding, 
but ir has one garbled word for which 
^ unable to obtain a correction 

. vr repetition immediately, what should- 
he do? 

1. He should ho^d the message until 
' he gets a correction 

2. He should forward the message, 
subject to correction (SUBCOR) 
immediately, and then send the 
correction when he can obtain it 

3. He should forwa.Trd the message 
<^ immediately, and include the 

proword "CORFOL" (correction ' 
follows) to notify the recipient 
that he will forward the correc- 
tion when he can obtain ^t 

4. He should forward the message, 
and advise the recipient by the 
proword "NOCOR" that he was NOT 
able to receive a correction 



Learning Objective: Explain 
the meanings of "J," eight 
"E**s followed by "AR," and 
"INT GRg"; count the groups 
in a text; and identify the 
correct formats for trans- 
mitting^ group count checks 
'for plaintext and encrypted^ 
messages. 



What does the prosign "J" mean?- 

1. Retransmit last message. Experi- 
encing equipment trouble 

2. Wait fiy^ minutes before trans- 
mitting-. Equipment down 

3. I have received your message and 
am ready to continue 

4. Verify with the originator and 
repeat 
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10-70. An operator Is receiving the text of 
a message when siiddenly he receives 
\ eight Er separated by $paces and 
followed by "AR," What ^doe^ this 
mean? . / , . 

1, ^ Thd. sendfer.has equipment trouble. 

He.w^n send the message again 
tater* 

2. There Is an apparent discrepancy 
bet'ween the classification df 
the mes&agei and ^ts contents 

3. The message Is canceled 

4, The sending unit must clear all 
machines of traffic until the 
accounting data for the past 
twenty- four hours is collected 

10-71. What is £he group count of the 
following text? 

' • INITIATE SEtOND PHASE OF PROJECT 
CRTZOF X RULNAX REPORT DUE 
THIRTEENTH X EXPECT INTERVIEW 
AT SALTLAKECITY QR SANDIEGO . f 

• 1. 16 

• 2. 18 

3. 19 

4. 21. 

^10-72. What Is the meaning of the fol'l^owing 
transmisslohj 

(5SP)(2CR)(LF) 
NOKB DE NFSK INT GR9 K 
^ (2CR)(LF) 

1. Is the group count* Indicated as 
"9,!' correct? 

2. Repeat the 9th group 

3. Verify group 9 

4. Sender was interrupted, but will 
resume sending with group 9 



In questions 10-73 through 10-75, seliect from 
column B the transmission format in which the 
group count checks df the types of messa^je 
specified in col umrt^~fr should be transmitted. 
A&sume operating signals are correctly 1>ic1uded 
in column B. 



A. 



Types of 
message 



10-73, 



10V74. 



•l^laintext 
message, 
/over 50 
words 




10-75. 



Plaintext 
or encrypted 
message, 50 
words or 
less 



B. Formats 



1. NABC DE NZYX GR 
(number in group) 

*BT D,P R C(..,etc.) 
BT K 

2. NABC DE NZYX GR 
(number in group) 

BT DRAW POWER RECORDS 
(. . .etc.) BT K 

3. NABC DE NZYX GR 
(number in group) 

"?T 1-D U-R 21-S 
31-M(... etc.) BT K 

4. NABC DE NZYX GR . 
(number in group) 

BT 1-D 6-C 11-R 16-F 
(. . . etc.) BT K 




Assignment 11 

Manual Teletypewriter Procedures (Continued); Automated Systems 
Textbook^ Assignment; Pages 286 - 305 



Learning Objective: Describe 
correct format procedures for 
placement of words on a line, 
lines on a page, and division 
of messages into multiple 
pages and multiple increments'; 



In teletype messages, may a word be 
hyphenated at the end ^ of a line?. 



11-5. 



1. Yes 

2. Yes, if, and only if, it is at 
lea^t nine letters long 

3. Yes, if, and ofily if, it is at 
least twelve letters. lon§ « 

4. No , r 

11-2. What is the maxiipum number of lines, i 
counting from for'mat line 5 of the head- 
ing, the first page of a message may 
contain without being divided into pages 
for transmission? 
.1.' 15 

-2. 18 , ■ - 

3. V 20 
* 4. 25 

11-3. What is the maximuii)- number of pages of 

message text, allowed in one transmission, 
disregarding any pag^ontaining both 
heading and text? 

1. 7 

2. S 

3. 5 

4. 4 

11-4. How many lines must be contained on the 
second and each succeeding page of a 
multiple-page message, excluding the last 
page? 
■1. 15 

2. 18 

3. 20 

4. 25 




11-6. 



11-7. 



Long messages'are Sometimes divided into 
increments for transmissions. ' What is 
the name of thiesfe segments? 

1 . Dispatch segments 

2. Transmittal increments 

3. Transmission sections 

4. Communication installments 

A certain unencrypted message has* been 
divided into three. parts for transmission. 
How should the parts be identified? ' 

1. SECTION 1, SECTION 2, SECTION 3a 

2. SECTION 1 OF 3, SECTIQH 2 OF 3. 
SECTION 3 OF 3 

3. SECTION 1 OF 3, SECTION 2 OF 3, 
FINAL SECTION OF 3 

4. 1ST SECTION OF 3, 2ND SECTION GF 3, 
FINAL SECTION OF 3 

Does "each increment of a message thart 
has been divided for transmission have 
th^ same or different (a) station serial 
number(s), and (b) date-time group(s)? 
r. (a) Same, (b) different 

2. Both (a) and (b), same 

3. Both (a) and (b), different 

4. (a) Different, (b) same 



Learning Objective: Explain the 
meanings of various prosigns,. 
group count reports, and 
operating signals. 
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In q^estions 11-8 through 11-11, select from 
column B the prosign associated with the meaning 
given In column A. ' , 



n-9. 
11-10. 



11-lh 



11-12. 



11-13. 



11-14. 



A. Meanings 

Repeat back 

More to follow 

Action on the 
message o^ - 
signal whlch^ 
follows Is to 
be carried out 
upon receipt 
of "EXECUTE" . 



B. Vrosigns 



2. 



AS 
B 



3. G 

4. IX 



On z transmission which NABC received 
from NZYX, the last line In the heading 
reads 

GR190 (2CR)(LF) 



The last two lines of the transmission 
read » 

BlOO {2CR)(LF) 

K (2CR)(4LF), 
How many groups of this message, are 
still to b^ transmitted? 

1. 10 

2. 90 

3. 100 . . 

4. 190 

What does "ZUG HM HM HM" mean? 
1. The sending unit is requesting an 
immediate check to find out if its 
transmissions are garbled 
All units stand by for emergency 
message 

Maintain emergency silence 
Emergency silence is lifted 



> Learning Objective:.G1ve the 
location of manual .switching 
procedures, explain vBrlous 
manual switching procedures^ 
and identity standard phrase- 

I ology Lfsed in switchboard 

( operation. 



11-15. What does the operating signal "ZWL" 
mean? ' . - 

1. '•Double relay." Messages designated 
for addressees specified after ''ZWL" 
must pass through two relay stations 

2. The addressee/ specified after ZWL is 
required to reply within six hours 

3. No forwarding action is required to 
the addressee specified after ZWL'-\ 

4. The replies froip all other addressees 
are to be sex\t toithe addressee 

* specified after "ZWL,-*'/ who wlir 
consolidate theffi^^and send one reply 
/ i ■ ' 

The National Annex to^^whjit publication 
^contains the manual switching procedures 
used by each nation? 

1. ACP 100 - 

2. ACP 113 

3. ACP 126 

4. „JANAP 128 



*1 



lT-16. 



11-17. 



If your teletype unit works through a 
switchboard, how should you call the 
switchboard operator? 
1. Activate the bell signal, and sound 
fivfe bells V 
Send "RYRYRYRYRY" 
Transmit "SWITCH bE (your call)" 
Depress the "BREAK" switch for two 
seconds 



2. 
3. 
4. 



11-18. If NABC has an 0 precedence message for 



The first part of a transmission reads 
as follows: 

(5SP)(2CR)(LF) 

NABC DE NZYX (2CR)(LF) 

T NFJL (2CR)(LF) 

P 221410Z AUG 78» (2CR)(LF) 
Hhat is/fhe meaning of the "T"? 
1. NZYX will transmit the same message 

to NFJL 

'2. , NABC is to transmit the message to 
NfJL 

3. Time is critical in passing the 
message to NFJL 

4. The message is applicable to NFJL 
for a temporary time 



NZYX, what transmission should 
to the switchboard operator on 
preliminary call? 

1. "NABC ONE 0 FOR NZYX K" 

2. "NXYX DE NABC 0 K" 

3. "SWITCH DE NABC 0 FOR NZYX 

4. "SWITCH NZYX iBlABC ONE 0 



NABC 
the 



K" 
K" 



send 



11-19.' After sending the message, what trans-^ 
mission should NABC make to terminate 
the switchboard connection? 



3. 
4. 



"SWITCH DE NABC AR" 
"DE NABC AR" 

"SWITCH TERMINATE NABC AR" 
"^ERMINATE NABC AR" 



/ 
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*In questions 11*20 through 11-22« select from 
eoluinn B the standard term the.switchboard uses 
in the situation given In column A. 



11-20. 



11-21. 



11-22. 



A. Situations^ 

NABC has called 
the switchboard 
operator and sent< 
the preliminary 
call. The swltch- 
.^ard operator 
responds, "Your 
call has been 



B. Terms 
1.. Confirmed 

2. Booked ^ 

r ^ 

3. Tabled,ou.t*. 
.4. Engaged" 



After the switchboard 
operator makes contact ^ 
with the called station, 
he tells NABC, "The 
station/called Is 



If switching arrange- 
ments can NOT be made 
through existing trunk 
connections or are 
NOT considered prac- 
ticable for further ^ 
switching, the messages 
are " ' 



Learning Objective: Describe 
'briefly and generally, the 

name, organization, and advan- 
.tages/disadyantages of AUTOOIN, 

and the function of Automatic 

Switching jC'enters (ASCs).. 



11-25'. The function. of the Automatic Switching 
Centers (ASCs) is' to accept messages . 

— from subscribers, deterroine^thelr, classi- 
fications and precedences, and relay 
them to the subscribers to whom they are 

' addressed. * 

11-27*. The^e^^-are the focal points of the . 

- entire AUTODIN system. 



Learning Objective: Identify 
the basic types of languages 
i^ed)by AUTODIN, and distin- 
guish among the operational 
modes available. 



To Wwer questionsJl-28 through 11-30, select 
from column B the name of-the language that 
matches the* desjcriptlon shown in column A. 

Ay De^scriptions, B. Languages 



11-28. 



llr^9. 



lT-30. 



11-31. 



15^ 



Eight-level paper 
'tape 

Five-level paper 
tape 

Standard punch 
card language 



1. ASC II Code 

2. Hollerith Codp 

3. ITA #2 Code 



11-23. 



False. 
11-24. 



11-25. 



For what'does the acronym "AUTODIN" 
stand? 

1. Automatic Directed Network 

2. Automated Distribution Network 

3. Automatic Digital Network' 

4. Automated' Digital Network 

Questions 11-24 through 11-27, related 
to AUTODIN, are to be judged True or , 



AUTODIN is managed by the Federal 
Commjnlcations Conmission. 

AUTODIN has the advantages of reliability 
and speed, but itjs.lack of flexibility 
in interfacing with various computer 
languages, equipment, media, and speeds 
is a serious disadvantage. 



What' name is given to the following 
method of channel operation: A duplex 
operation wfth automatic ferror and chan- 
nel controls allowing independent and 
simultaneous two^ay operation? 

1. Mode I • . ^ 

2. Mode II 

3. Mode III 

4. Mode IV 



Learning Objective: -Explain 
the timing system in AUTODIN 
equipment, and define terms 
used in ffhe AUTODIN'system. 
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M-32. ;In wHtch of the following ways does the 11-35. 

timing system work. Insofar as message 
' r delivery Is concerned? 

I,' • l.x^As a swltcjilng center receives mes- 
■ , sages ^ddressed to each of V(^rious 

terminals, the timing system connects ^ 
- . to the; terminals in ^he same ' 

' SeqiHince 'In 'which messages were 
' f . - received so that they may be 
\ delivered * 
2. U briefly connects a switching 
. f center to each terminal in turn,* and' 
• at each connection any messages 
^" which are awaiting delivery to that 

terminal are transmitted^ 
^'"^'t 3. It briefly connects a^ switching unit 
V) each terminal in turn, ,fi/cept 
that terminals for whom there is no 
traffic wil.l be "passed over" (no 
connection made) any time there is 11-36. 
^ a complete message awaiting trans- 
it ' mittal 

4. As each terminal calls in, in a 
. ~ T)rescr1bed sequence, to request its 
messages, ^the timing device effects 
/the' release and automatic transmis- 
sion of messages for that terminal 

11-33. What is a journal, and for what is it 
used? 

1. ' It is a brief daily message report 

to the headquarters in charge of 
AUTODIN to*report the number of mes- 
sages sent andi^i^eceived at a particu- 
lar ASC during the last ^twenty-four 
' hours . , • 11-37. 

2. It is a brief, concise list of - 
operating instructions used for the 
indoctrination of new AUTODIN sub- 
scribers 

3. It is a copy of an incoming message, 
in its entirety, and is used for 

' reference as necessary 

4. It is a copy of -the address only of 
a.n incoming message, and is used as 

an index to locate the reference ^ 
copy 



t^e 



con-« 



Learning Objective: Explain 
the configuration,' functions, 
and operation of Digital Sub- 
scriber Terminal Equipment 
(DSTE). 



What is tne function of the common 
trol unit (CCU)? ' >^ 

1. To ^cept data characters as injxut, 
accumulate them into data blocks in 
memory, and* distribute data blocKs 
as output 

2. ^To accept data characters as input; 

print outpift^on single, 2, 3, 4, and 
5 multipl^paper or multilith or 
ditto masters; and retain data in 
memory for farther utilization/ 

3. To accept data characters from cards 
br paper tape in any of^ three codes, 
and do necessary conversion, output 
characters in ASC II 

4. To serve only as a central unit- to 
start, stop, and coordii'tltS all 
peripheral equipment' 

What is the function of the card reader? 

1. To read cards punched in ASC II 
characters, change them to Hollerith 
code, and transfer data to CCU 

2. To, read cards punched in^Hollerith 
code, /change them to ASC II code, 
and transfer data to CCU 

3. To read cards punched in Hollerith 
code, print on each card the infor- 
mation punched in it, and stack 
cards for further use 

4. ' To read dards punched irv-amy code, 

^ convert them to Hollerith code, and 
transfer the data to the page 
printer 

What is the functioit'of the paper^tape 
reader? 

1. To convert the perforations to 
electrical data in the ITA #2 code 
and transfer the data to the CCU 

2. To transmit the data contained in 
the paper tape to a switching unit 
for relay * 

3. To convert the paper perforations to 
Hollerith code and transfer the data 
to the high-speed card punch 

4. To convert 'the paper-^perforations 
to electrical data in the ASC II 
code, and transfer the data to the 
CCU 



11-34. DSTE may be configured as which of the 
following? 

K Only as a card terminal-' 

2. Only as a tape terminal 

.3. As either a card or a tape tenninal, 

but not as a^combination 
4. As a card or a tape or a combined 

card and tape tenninal" 
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Jl-38, What Is the function of the high- and 
low-speed card punches^ 
1,* To accept dataJTrom the universal 
. ! / keyboard only, arfcl punch cards in 

V- Hollerith code 

2V To accept data in ASC II code frort 
y the ecu (and low-soeed 'also f ronr the 

universal keyboard), convert to 
Hollerith code, and punch cards 

3. To accept data in ASC I I. code from 
the ecu and universal keyboard (and 
low-speed also/ in ITA #2 from the 

^ , tape -reader) yconvert data to 
Hgl^^erith c«Sle, and punch cards 

4, To OTfectj^e^nput of data from 
operaJfMp^^yboards and conversion 
oS^uch data to ASC II code 

11-39, What i^^the function of the high-speed 
* and Ipw-speed paper punches? 

1, To serve as on-line output deyicfes, 
,and for off-line kfey punch opera- 
tions in conjunction with the 
* universal keyboard 

To serve as on-line input devices, 
receiving incoming*rti6ssages and 
relaying them into the CCU as th^ 
work-load permits ^ \^ 

3. To serve as off-line auxiliary 
punches in conjunction with the 
universal keyboard only 

4. To serve as primary "mainstream" on- 
line devices, bath input- awl 'output, 
relaying information into and out of 
the CCU vr- 

11-40. The paper tape printer interpreter prints 
directly on the paper tape. JWhat is the. 

a: relationship, so far as dependency 'is 
I * concerned, of the operation of the 
V interpreter and the paper punch? , 

1. Tifie interpreter may be turned off^or 
n may interpret each character at' 

a set interval ^mfter punching (to. 
allow for tape transfer })etween 
machines) only 

2. "^The interpreter may be turned off, 

it may interpret each character at 
' a set interval after punching, and 
it may continue to interpret if the 
punch is^idle and is placQ,d in the 
"'INT- ON" position 

3. The interpreter may be tur^fed Qff.or 
it may operate completel^Jndepend- 
ently of the punch sojong a^ the 
punch 1§ off-line^or idle only 

4. The operation of the interpreter is 
completely independent of that of 
the .punch 



-'11-41. 



11-42. 



11-43. 



11-44. 



11-45. 



Learning Objective: identify 
the types and formats of mes- 
sages AUTODIN will accept. 

What types^of messages will the AUTODIN 
network accept? 

1 . Single call only 

2. Single call and. multiple call only 

3. Single call and general only 

4. Single call, multiple call, and 
generaV 

What formats of messages will the 
AUTODIN network^^cept? 
i . Plaindressr^ly 
'2, Plaindress and abbreviated plain- 
dress only 

3. Plaindress, abbreviated plaindress, 
and data pattern only ' > 

4, Plaindress, abbreviated plaindress, 
/ codress, and data pattern 



/ 



Learning Objective: Identify 
character positions in the 
routing indicator. 



How many letters must a routing indicator 
have? 

1 . From four to seven 

2. From five to seven only 

3. Six or seven only 

4. Seven only 

What does an "R" in the first position 
mean? 

1. A routine message follows 

2. The routing indicator is part of the 
worldwide tape relay system / 

3. The message to follow is in the / 
"restricted" category 

4. It designates the nation or inter- 
national alliance of destination 

What does a "U" in the second position 
mean? 

.1. • An unclassified message follows. 

2, The groups in the message are 
uncount^ 

3, It designated the nation or inter- 
— national alliance of destination 

4, It designates the particular 
geographical area of destination 
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11-46. What does a "C" 1n the third position 
• mean? 

>. A Confidential messagfe^ollows 
1. It desigrtater^the nation or inter- 
national alliance of destination 

3. It destgr^ates the particular geo 
graphical area of the statio.n or 
substation of destination 

4. The routing indicator is part of the 
common or worldwide tape relay 

> system 



11-47. 



What dD letters appearing irt positions 
four through seven designate? 
V. 



4. 



11-48. 



11-49. 



Classification and precedence of 
message, and whether or not answer 
is required 

Relays and tributary stations within 
the ne^twor»k to which the message 
will be passed 

Relay and stations through which the 
message has passed, as e*ch adds his 
designator as he relays t^e message 
Whether transmission is by^-^rorldwide 
/ .or local net, count)^ of destination, 
particular geographical area of 
destinat^ion, and whether message will 
go direct to terminal of destination. 
' or ^ill be relayed. 

^ • *i - 

In order to ensure tKat the first chafa^fc- 
ter of the niessage i^accepted and trarVs 
mitted. What is the minimum content ofl 
the leader of (a) five-level baudot cqde 
(b) eight-level baudot code? 
(a) Five blanks and five letter 
ftmcxi'ons, (b) eight nulls and eigh' 
delete functions 
(a) Six blanks and 
functions, (b) six 
delete functions 

(aj Six blanks and six letter func- 



* 11-50. To what do positions 2 and 3, respec- 
tively, relate? 

1. The dutput device preferred by the 
addressee; the language uSed in the 

^•messag^ . ^: ' 

2. The language used in the message; 
the output device preferred 
by the addressee 

3. ^The language used in the message; 
the classification 

4. The classification; the output device 
preferred by ^the addressee 

11-51..' Which of the following conditions does 
a. "T" in position 4 indicate? 

1. The classification of the message is 
Top Secret 

2. The output device preferred by the 
^ddressTee is the teletype 

3. This message is being processed on a 
worldwide net system (tape) 

4. The meaia format being used is»the. 
five-level baudot code 



and 
1. 




four letter 
nu^ls and four 



tioj^, (b) six nulls and six delete 
functions 
,(a) Six blanks 
tions, (b) six 



and six letter func- 
nulls and eight 




delete functions 

Which of the following correctly gives 
tht significance of "Y" in position 1 
(precedence)? ^ i 

K This indicates that six or more 
messages have been sequenced for 
transmission 'in descending order of 
precedence 

2. This is an indicator of personal 
traffic, which is processed on a 
"time available" basis qnly , 

3. This, is an indicator of a service 
message whipKrelates to previous 
traffic ar)d must be handled without 
delay 

4. This indicates that the message has • 
FLASH preemption capability and is 
designated Emergency Command prece- 
dence ' 

' 57 



11-52. Posii;ion9»>5 through 8 contain four let- 
} ters k)r three letters and a number to 
I indicate, message content and provide 
' identi^fication^or communications hand- 
ling, r What publication contains a com- 
plete listing of these codes? 
'l. JANAP 119 
^ 2. JANAP 128 

3. ACP 122 , 

4. NWP 4 



-53. What does position 9 contain? 

1. A vspace if the message is addressed 
to a s1rw|le" addressee; an "M" if it 
is for multiple addressees 
A space 

A "T" if the message is in five- - 
level baudot code; an "A" if it is 
in eight-level baudot code 
An "R" if the station's involvement 
is for relay action; a "D" if the 
me.ssage is to go direct 



11-54. After the routing indicator in positions 
10 through 16, t-he station serial number 
' appears "in ppsitions 17 throug/i 20. 

What are two specific purposes served 
by tb:1s number? 

1. To provide a means for checking Ybr 
straggler messages and to. "identify 
the subject, of the message 

2. To identify the subject of the mes- 
sage, and, by. means of a code, to 
serve as a crosscheck of the siecurity 
classification 

3. To assist in providing positive 
identification, andj by meoJns ^of a 
code, to serve as a crosscheck of ^ 
the security classification 

4. To assist in providing positive 
identification and to provide a means 
for checking for straggler messages 



EKLC 
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/lUSS. If the/message was received by the 

originator for transmission by the com- 
nunftatlons center 6q 5 January* 1978, 
what should go in'posltlons 21 through 
• 24? 

1. 8005 

2. 8105 

3. (SPACE)005 ' 

4. (SPACE)1(SPACE)5 , 

lUSfi. What goes 1r^ positions 25 through 28? 

1. The time of transmission (GHT) ' 

2. The time of receipt from the orlgina 
.tdr by the communications center 

: (QMT) ' 

^ 3. the time of transmission (local 
time) 

4. The time of receipt from the origi- 
nator by the comnunlcatlons center 
(local time) 

11-57. If the classification of -the message is 
Confidential and the actual time of 
transmission 1s'1015Z, what would go 
In positions 29 through 33? 
i: C1015 

2. r015C ) 

3. -CCCC ' ^\ 

4. -CCC- 

What goes in positions 34 and 35? 

1. Two hyphens 

2. Tw blanks 

3. Two spaces ^ , 

4. Two periods ) 

What is the maximum nuriibet of routing 
indicators that can be listed in one 
tra;i9m1ss1on in positions 36 through. 42? 

1. 200 ^ 

2. 300 

3. 400 

4. 500 



\ 
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11-59. 



11^60. 



11-61. 



What character goes in the position 
immediately following the last addres- 
see's routing Indicator, and by %^hat 
term is it corretetly called? 

1. Hyphen; end *f heading signal 
'2. Period; end df heading signal 

3. Period; end of routing signal 

4. Hyphen; end of routing signal 

What is the correct end of message (EDM) 
procedure for (a) five-leveV^udot 
code, and (b) eight-level baudot code? 
if (a) 2CR, 8LF, 4Ns, 12LTRS; (b) 2CR, 
8Lf, 4Ns, 12LTRS 

2. (a) 2CR, 8LF, 4Ns, 12LTRS; (b) 12DEL 
^3. (a) 12DEL; (b) 2CR, 8LF,4Ns, 

12LTRS 

4. (a) 12DEL; (b) 12DEL 



11^62. As RM3 Schmeer is preparing the message 

header, he accidentally Istrikes tile r; 
LETTERS function twice in succession. 
Jrfhich, If any^ of the following occur- 
. ' rences will happen as a result of the 
extra LETTER function? 

1. The teletype will switch back to * 
figures at the second LETTER function 

2. The teletype will jam 

3. Thfe message will be rejected by the 
ASC 4 \ ' , 

4. -Npne of the*above 

llr63. .If, in transmltfing^ a message, RM3 (, 
Johnson makes an firror in the EOM valida- 
tion in format line 15, realizes it 
immediately, completely blocks out^the 
error. Inserts the correct information, 
and completes the message with no' fur- 
ther errors, which of the followfhg 
actions will occur? . 
1. The message will process successfully 
through the ASC 

'The message will be rejected by the 



ie part of the ^pe containing the 
blocked out error will jam the 
receiving mac hi me at the ASG 
The^ASC will relay the first part of 
the message, but the blocked out 
portion of the tape will cause it to 
skip to the n6xt message. 



. Learning .Objective: . State some 
general rules regarding TTY 
'operation and format. 



11-64; When a TTY tape is cut for transmission, 
using*ASC II code, what functions, as a 
minimum, should precede the message 
header? ^ ^ 

1.. Six nulls and six deletes 

2. Six blanks and six letters 

3. ; Six letters and six figures 

4. Six nulls and six blanks 



11-65. Sf 



a message which contains the colon ^[ 
symbol (:) must be refiled commercially, ^ 
which^of the following actions should 
the operator taV|jJr*dor to transmission? 
cdnVe?t 



1. 
2. 
3. 
4. 



He should convert the 
He should convert the 
He should replace the 
He should replace the 
blank 



to "COLON" 
to "CLN" 
with "».'* 
with a 
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11^66. RM3 Rolfe' receives for transmission a 

message with a dual jp^cedence: FLASH - 
* for the action addrWse^, and PRIORITY, - 
. for the infannation 4^ In which 

*of the following vyay* should he transmit 
' ' this mess^ige? 

1.. He should make two separate trans- 
. ' missions: one to the action "addres- / 
see, incJi eating. "fl^SH" in line 2; 
and* one to the info addressee, 
indicating "PRIORITY" ^pnly in line 5 
' .2. H6 shoujd jnake two separate trans- 
missions: one to the action addres- 
, , see, indicating "FLASH" in line 2; 
' ^ and one to the info addressee, 

'indicating both precedences in line 5 
He should make-only one transmission, 
and indicate "FLASH" in line 2 and 
both precedences in line 5^ 
4. He should make only, one transmission, 
and indicate "FLASH" in line 2 and 
"PRIORITY" <wily in line 5 

n-67. In a long off-line encrypted message 
^ being •transmi.tted in sections, what 
, should the group count in format line 10 
of a section include? 

1. The numlJer of groups in the complete 
message, ,the cryptopart identifi.ca- 
tiQnv the- page identificatiooi .and ' 
the transmission section idejitifica- 
tion 

2. The number of groups in the cornplete 
message, the cryptopart identi^ica- ; 
tion, and the page identification 

4 only 

3. The number of groups in the text 
'section being transmitted and the 

cryptopart identification 
\. '4. The number of groups in the text 
section being transmitted only 



11-68^ What* is the correct term for this- group 
of characters and operations? * 

1. Transmission identification (TI) 

2. Header prefix (HP) 

.\ 3./; Notification of 'transoyssion (NT) 
^T.i' Hiessage identif ier ^(Ml) 

11-69. What are the station/channel designajtor 
\ letters? ' 

1. vzq ' 

2. zczc ^ 

^ 3. CJT ¥ 
4. JTA ' 



To answer questions 11-70 through 11-7-3, select, 
from column B the operating and classification 
characters that match the usage descriptions 
given in column A. - . ' 

A. Usage • B. Characters 
Descriptions ^ 



11-70. Used for 

•unclassified 
EFTO messages 



1 . ZNR UUUUU- 



=. 2. ZNY AAAAA 

11-71. Used for Special 3. ZNY CCCCC 
Category (SPECAT) • ^ 
messages , 4. ZNY EEEEE 

11.-72. Used for off- ^ 
1 ine encrypted 
messages and 
classified 
messages that 
are transmitted 
in the clear 

11-73. Used for Confidential 
messages 



Learning Objective:- Explain 
and interpret the' group of 
characters and operations that 
prefix the message header in 
modes II, IV, and V. 



VZCZCJTA(FIGS)12 3(LTRS) (2tR) (ILF) 
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Figure llA 



0 Refer-tb. figure llA, a transmission ^ 
preceditig a message header, in answering \ 
questions 11-68, and 11-69. ^ 



A. Send a messaga to the orlalnatlng ^ 
station «ayln^ "Your (DT6) not 
for us. Retransmit.** 

, > . • 

B. , 0|)ti^n the correct routing Indicator. 

C. iabeVthe message '^SUSOUPE'* to Indl- 

tate It Is a suspected duplicate, 

• / «^ ' 

D. Replace the header, and retransmit 
thlft message to the correct routing 
Indicator. 

t. Attach a{ service message to the 
message Informing the recipient 
^that the message had been'mlssent 
to (Identification of tributary 
station). 

F. Send a service message to the 
originating station advising him 
of the reroute action and correct 
routing Indicator. 




• Use list llA in answering question 11-74. 

11-74. Which of/the preceding actlons^hould be 
taken by a tributary station which Has 
received a mfsrouted message? (Asstime 
that the correct rout1>^g Indt^cator Is 
obtainable.) 
1. a/ 

"2. B, C, D. E 

3. B, D. F only " 

4. B. D. E. F 

n-75. What is the difference, if any, between 
a misrouted and a missent message? 
1 



2. 



3. 



A misrouted message goes througlv^ 
a relay station; a missent one does 
not 

A misrouted message Is transmitted 
on line^ a missent one, off line 
A jnisrouted message contains an 
incorrect routing Instruction; a 
missent message, 'a correct one 
None; these are two Intepchangeable 
terms - 



So 



Assignment 12 



Automated Systems (Continued) 
Textbook AsslgnmentT Pages 305 - 322 



12-1. 



Learning Objective: Prescribe 
actions to be taken relative 
to suspected duplications 
(SUSDUPEs), 



If an operator receives a message marked 
"SUSDUPE" after he has received and 
delivered the original (Identical) 
message, what should he do with the 
duplicate? ^ 

1. He should file it 

2. He should destroy it 

3. He should deliver it tb the 
addressee only 

4. He should deliver It to the 
addressee with an attached brief 
message of explanation 



12-2. 



'*A. Check the records to determine 

whether the message was duplicated. 

B. If the message was duplicated, check 
in-station procedures regarding 
missage handling, and train 
personnel as necessary. 

C. If the message was duplicated, check 
the equipment If equipment malfunc- 
tion Is suspecte^. 

D. Advise the connected ASC via service 
message If only one transmission can 
b^ accounted for. 

E. Advise the connected ASC via service 
message if the tran^lssion was 
dupl icated. / 

F. Report to the connected ASC the 
measures taken to attempt to 
eliminate future duplications, 
if the message was duplicated. 



Use list 12A In answering question 
12-2. 

Which of the preceding actions should 
the originating station take upon 
receipt of a service message ^advisiag 
of or inquiring about a suspected 
dupl 1 carte? 

1/ A through C only 

2. A through D only 

3. 'A through E only 

4. A through F 



Learning Objective: Describe 
the data pattern message and 
related characteristics and 
operating procedures. 



How many characters are normally 
contained In each record block of 
data -pattern messages? 
1. 40 
'2. ^0 

3. 75 ^ 

4. 80 

What is the maximum number of cards 
(NOT counting c^irds used as pilots) 
that may be Included In one trans- 
mission via message switching 
facilities? 

1. 250 

2. 300 

3. 400 , 

4. 500 ^ 



12-5. For what is the Data Message Form 



12-3. 



12-4. 



(DO 
1. 



3. 



List 12A. 



Form 1392) normally used? 
To aid the originator in drafting 
a message text 

To aid the originator in- preparing 
the messa,ge header 
To keep a running record, by sta- 
tion serial number, of incoming, 
and outgoing messages 
To keep a running record, by DTG, 
of incoming and outgoing messages 
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12-6. *By.whom and for what purpose is the 12-10; 
— .Message Correptlon Notice (DD Form 1503) 
norwally u&ed? 

1. By the comnuni caption facility to 
notif:^ the originator of message 
discrepancies ' , 

2. By thfe recipient to notify the 
communication facility of message 
dlsTcrepancies ^ 12-11. 

3. By the originating station to 
notify the drafter of discrepancies 

4. By the ASC supervisor to notify 
the operators of discrepancies " 

Use the following ir)fomation In 

answering question 12-7: CC = card 12-12. 
to card, CT =' card to tape, CA = card 'to 
ASC II, JC = tape to card, AC = ASC II to 
card , 

■ r 

12-7. In data message format, (a) what is 
the most common lahguage and media 
format (IMF), and (b) what other , ' 12-13. 

LMFs are available for use? 

1. (a)CC; {by CA, TC, AC only 

2. (a) CC; (b) CA, AC, TC, CT 
\ 3. (a.) CA; (b) CC, CT. TC 

4, ^(a) CA; (b) CCi AC 

12-8. Which of the fol lowing, may be prepared 
^ by automatic message originators? 

1. The communication header only 
i 2. The header and text with partial 
^ " text header information only 12-14. 

3. The header and text with complete 
text header information only 

4. The header, text (with complete 
text header information), and EOT 
formats (with all neces.$ary infor- 
mation) 

12-9. Other than reTaying the message, what 12-15. 
actiQn(s), if any, should communica- 
. tions facility per$onnel take if a 
, message arrives at their facility 
more than thirty minutes later than 
the time in format line 2? 

1. Preparing a service message to 
trail, the message and iaforming* 
the recipient of the time of 
receipt artd processing by the 
center 

2. Correcting t'He time in format 

. line 2; advising the originator 
via the flessage Correction Notice 
(DD 1503) ♦ 

3. Sending a service message to the 
oViginator and pne to_ the addressee 
notifying them of the time of 
processing . 

4. None , - 



In what publication can the designators 
for the language and media format be 
found? 

1. ^NTP 3 

2. NWP 4 ^ 

3. ACP.122 ' 

4. JANAP 128 ^ 



)^i|||Bny characters must the. routing 

idic^Or fipld rnntflin? 



HO.,,—^^^ ... 

indii^or field contain? 
1 . "Five 
z: Six 
3„ Seven 

4. Eight . - 

What SSN'would the next message after 
9999 bear? 

1. 0000 

2. 0001 

a. ^001 

4. lOOOO ' " ' . 

If a message. was drafted by the origi- 
nator at 1530 local time (0930Z) and 
was received by the center at 1536 
local time (0936Z), what ^should be 
placed in position^ 25 through 28 
(time filed)? 
1. 0930 
'2: 0936 . • 

3. 1530 

4. 1536 

ft 

What characters should go in positions 
39 and 40, designated for the start 
.of routing indicator? 

1. SR 

2. AA 

3. . 

4. // 

(a) What is the.i-maxim^um. number of 
addressee routi,ng indicators that 
can be listed without requiring a 
separate transmission,- and (b) of 
what does the end of routing signal 
consist? 

(b) a period 
(b) a hyphen 
(b) a period 



1'.' (a) 300, 

2, (a) 300, 

3. (a) 500, 
4'. (a) 500, 



(b)'^a hyphen 
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12-16. The first part of the End of Trans- 
mission (EOT) consists of a repeat 
of positions 1 through 38. Of what 
does the remainder consist for (a) a 
single-record transmission and (b) a 
multiple-record transmission? 

1. (a) Ns in positions 77-80, 
N in position 80 only 

2. N(a) Ns in positions 77-80, 
Ns in positions 77-80 
N in position 80 only, 
Ns in positions 77-80 

4, (a) N in position 80 only, 
(b) N in position 80 only 

12-17. Unless an exception has been granted, 
what is the minimum time for which 
< (a) data pattern messages must be 
retained intact, and (b) the header 
must be retained? 

1. (a) 7 days, (b) 

2. (a) 7 days, (b) 

3, (a) 10 days, (b) 

4, (a) 10 days, (b) 



30 days 
60 days 
60 days 
30 days 



The following situation applies to questions 
12-18 thmough 12-20: A center, using message 
batching 6r conroingling, is preparing to com- 
bine and send ten messages as one transmission. 
To answer these questions, select from column 
B the number that tells how many, if any, of 
the items shown. in column A must be included 
in the transmission. 



A. Items for Possible 
Inclusion 

12-18, Header card 

12-19, EOT card 

12-20, General purpose 
ctontent indicator 
code 



B. Number 
Required 

1. One 

2. Ten 

3. None 



12-2L A certain terminal does t^OT receive 
printed journal entries. Which of 
the following selections lists two 
actions communications personnel 
must perform after receipt; ^^^^ 
pattern traffic? 

1, Verifying the message record 
count and recording the SSNs 
in the log 

2, Duplicating the header for record 
J purposes and recording the SSNs 

* in the log 

3, Endorsing the header card to show 
the time of receipt tind dupli- 
cating the header for record 

( purposes 

4, fndorsing the header card to show 
the time of receipt and verifying 
the message record count 



e:) 



12-22, 



12-23, 



Learning Objective^ Describe 
Magtietic Tape Tiermfoal Station 
(MTTS) operation ajhd format. 

What is the basic mode of Magnetic Tape 
Terminal Station (>1TTS) operation with 
other AUTODIN tributary stations? ^ 

1, Simplex only 

2, Either simplex or duplex 

3, Either simplex or store and forward 

4, Either duplex or, store and forward 

What is the deciding factor in deter- 
mining the sequence of transmission 
of sjeyeral tape reels received for 
traQsmis^lTJTfr 

1. The^majority message precedence 
level 

2. The majority message classification 
level 

3. /The reel rating according to a 
formula based on both precedence 
atid classification 

4. The sequence in nhich the reels 
^arrived 



12-24. A printout is made of the headers and 
EOTs of messages on each reel. Who 
is responsible for furnishing this 
printout? X 

1. The messTO originator 

2. A person aligned to the /MTTS, '» 
whose primary duties are* limited 
to receipting for reels and making 
message header and EOT printouts 
In each* case, the operator who 
transmits that reel 
The senior E-6 or below in the MTTS 



3. 
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12-25. Which of the following statements 
reflects the policy orv splicing 
magnetic tapes used for traffic? 
1* The splicing of such tapes is 
authorized only if the angle 
of cut is diagonal to the'side 
of the tape and precision work 
is done 

2. The splfcing of such' tape is 
authorized only if the tape 
is cut at right angles to the 
edge of the tape and precision / 
Work is done ^ ' \ 

3. The splicing may be done at 
any angle so long as precision 
work is done ' 

4. The tape may nOt be spliced 

12-26. What is the languagb- of transmission 
from an MTTS? 

1. Hollerith 

2. . ASC H 

3. ITA n 

12-27. An operator has records of 19 and 1152 
characters, respectively, to send by 
^ . AUTODIN, and a&ks if he may send them^ 
W without checking the addressee's 
* ^ receiving capabilities. He should 
' have known that the addressee's 

receiving capabilities must be checked 
if the record contains (a) less than, 
» and (b) more than what number of 

characters? 
1. (a) 18, (b) 1000 
. 2. (a) 18, (b) 1200 
" 3. (a) 20, (b) 1000 

4. (a) 20, (b) 1200 

12-28. Who is responsible for the preparation 
of magnetic tape messages, formats, 
routing, contents, and sequence on 
tape? 

1. The supervisor of the MTTS 

2. A person specifically assigned 
"tape control" duties by the 
MTTS supervisor 

3. The person who accepts and signs 
for the reel 

4. The originator 

12-29. What is the minimum number of days for 

which (a) originated tape reels, and 
i (b) header and EOT printouts should be 

retained? 

1. (a) 10, (b) 30-N 

2. (a) .20, (b) 10 ) 

3. (a) 30, (b) 20 

4. (a) 30. (b) 30 



12-30. ^What is the name of the MTTS log which 
reflects the status and 1 ists'outages, 
repairs, etc. oY equipment and 
circuits? 

1. The Status and Maintenance Log 

2. ' The Daily Operations Log 

3. The Master Station Log"^ ] 

4. The Equipment/Circuit LOg 

12-31. What should be recorded in the Reel 
Delivery Log? 

1. Reel numbajffji umber of messages 
contained^'Tiighest cl ass ifi cation, 
and time/delivered to the trans- 
mi ttingjgperator or the addressee 

2. Reel nuiroer, highest classifica- 
tion,^ghest%precedence, ^and time 
delivered to the transmitting 
operayr or ^he addressee 

3. Reel number, from whom received, 
highest classification, and time 
delivered to the transmitting 

s,,^^ ^P^'^^^^-ST addressee 

^^-^ 4. Reel num(^ and time delivered to 
the transmitting operator or the 
addressee only 



Learrring Objective: Describe 
procedures fol lowing- the 
attempted transmission of 
classified traffic over a 
circuit NOT authorized to 
carry it or to an addressee 
NOT authorized to receive it, 
and identify the location of 
security regulations for 
AUTODIN. 



12-- 32. What action follows the sending of a 
classified message to, an ASC over a 
circuit^-llO^ iirized for use with 
that degrL^ 1 assi f ica^lTRMi? 

1. -The mess accepted, \ut the 

bell ringb tn alert, \dnd arKauto- 
matically generated stervice Hl^essage 
is sent to the orig^nartor, advising 
of the possible security compromise 

2. - The message is rejected, the bell 

rings an alert, and an automatical Ij 
generated service message is sent ' 
to the originator, advising of the 
possible' securi ty compromise 

3. The message is rejected, and an 
automatically generated service 
message is sent to the originator, 
advising of the possible security 
compromise or^ly 

4. The message is rejected only 



535 

\ 



12-33. 



12-34. 



Which of the following sets of actions 
is descriptive of those that occur 
when a message is routed through the 
ASC to a destination which does NOT 
have the necessary clearance to receive 
it. if it is (a) .a single-address 
message, and (b) a multiple-address' ^ 
message? 

1. (a) The message is accepted and 
filed by ASC, and ASC sends a - 
service to the originator; 
(b)^the message is accepted and 
forwarded to the authorized 
recipients, and ASfc sends a 
service to the originator 
' 2. Both (a) and (b), the message is 

rejected by ASC;. for invalid t 
routing indicators, an automat- 
ically generated service advises 
the originator of the need for 
retratismission 

Both (a) and (b), the message is 
rejected by ASC; aUrms wjll appear 
at the originating terminal indi- 
cating 'the need for retransmissioff 
(a) The message is rejected by ^ 
ASC, alarms wil\ appear at the \ 
originating terminal indicdtijng^.^ 
the need for retransmission; 
(b^) the message is accepted and | 
forwarded to any authorized 
recipients; for invalid routing 
indicators, an automatically 
^ generated service advises the 
originator of the need for 
retransmission 

In what publication can complete 
security precautions and operating 
rules for AUtODIN be found? 

1. JANAP 128 

2. JANAP 137 

3. NTP 3 

4. NTP 8 



12-35. 



3. 



4. 



Learntng Objective: Desc 
the geographical coveraqr 
AUTOVON and define some or 
the terms associated with 
that system. 



The Defense Communications System 
Automatic Voice Network (AUTOVON) 
includes activities at which of the 
following locations? 

1. Continental United States (CONUS) 
only 

2. Overseas only 

3. CONUS and fiv^ overseas locations 
only 

4. CONUS and many ov cations 



12-36. What is the difference between an 

AUTOVON subscriber and an AUTOVON user? 

1. An AUTOVON subscriber gains access 
to AUTOVON by dialing an access 
code; an AUTOVON user gains access / 
by placing a call ^through a PBX 

2. An AUTOVON subscriber has. direct 
access Jto AUTOVON; an AUTOVON user 
has indirect access 

^3. An AUTOVON user has direct access 
to AUTOVON? an AUTOVON subscriber 
has indirect access 
4. An^At)TOVON subscriber is an activ- 
ity which is served by AUTOVON; * 
an AUTOVON user is the individua^l 
who actually makes or receives 
an AUTOVON call 

12-37. 4 What is the term that means the seizing 
of telecomnuni cations before or in 
preference to other subscribers^ calls, 
even those already in progress? 

1. Prioritization 

2. Preemption 

3. Precedence 

4. Preference 

12-38. What is the difference in the procedure 
for joining in on a pre-set conference 
and 3 random conference? 

1. For pre-set, users dial a prescribed 
number; for random, the AUTOVON 
operator assists 

2. For pre-set, users request connecr 
tiOn through an AUTOVON operator; 
for random, users dial a prescribed 

» number 

3. For pre-set, users have scheduled 
the AUTOVON call previously by 
message; for random, users call 
other users to join them as the 
need arises 

4. For pre-set, users have had the 
prescribed telephone number on 
file for at least 3D days; for 
random, a user must call for a 
number and then relay it to the 
others who will participate in 
th,e conference * 
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Learning Objective: Differen- 
tiate among the classes of 
telephone service available 
on board military installa- 
t1ons« 



To answer questions 12-39 through 12-43, select 
from column B the class of telephone that 1s 
associated with the characteristic shown in 
column A. 

A. Characteristics ^ B, Classes 

12-39. Service available for 1. Class A 

transaction of official 
business on DOD or 2. Class B 

military 1nstall,at1ons; 
NO access to commercial , 3. Class C 
telephone company 

trunks 4. Class D 

12-40. Service Installed on 
military Installations 
for official business; 
restricted to special 
classes of use, such 
as fire alarm, crash 
alarm, or security 

12-41, Service available for 
transaction of official 
business on DOD or military 
Installations; requires 
access to commercial 
telephone company trunks 

12-42. Service Installed in or 
near a military PBX or 
CENTREX system; authorized 
foiC personal or unofficial 
business; requires access 
to cormierclal telephone 
company trunks 

12-43. Users of this class may 

Initiate outgoing official 
business phone calls in 
the AUTOVON network 



Learning Objective; Differen- 
tiate among the types of calls 
assigned each precedence. 



To answer questions 12-44 through l'2-47, select 
from Oil umn B the precedence assignment that 
matches, the circumstance or type of Informa- 
tion described In column A. 



12-44. 



12-45. 



12-46. 



Information 



Calls pertaining 
to conduct of 
diplomatic nego- 
tiations critical 
toward limiting 
or stopping 
hostil Itles 

Calls requiring 
rapid transmission, 
but NOT preferential 
handling 



Calls requiring 

expeditious action 

by calling party and/or 

calls which furnish infor- 

ma,tion essential for the 

conduct of government 

operations 



1^-47. Calls concerning intel- 
ligence reports concerned 
with national security' 



B. Precedences 

n FLASH 

2. IMMEDIATE 

3. PRIORITY 

4. ROUTINE 
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Learning Objective: Differen- 
tiate among the types of 
service provided' for AUTOVON 
users. 



To answer questions ;12-48 through 12-51/select 
from column B the type of service associated 
with the characteristics shown In column A. 

A: Characteristics B. Types of 

Service 



12-48. When the telephone 1. General 

is^ lifted off its Purpose 
cradle, 1t is 

immediately connec- 2, Special 

ted to a predesig- ^ ' 

nated telephone 3, Off-h(K)k 

instrument at ? 

distant installation 4, Special 

Grade 

12-49. By dialing direct 
or by enlisting the 
services of a local 
operator, the sub- 
scriber may contact 
.other subscribers, 
worldwide, for d^y-to- 
day low-precedence 
communication. When 
push-button four-wire 
telephone sets are 
used, any precedence 
calls may be employed 

12-50, This type of service 
provides access to 
specially conditioned 
trunks which provide 
the transmission 
capability sometimes 
required by data; and 
.facsimile stations 

12-51. Subscribers utilizing 

this service may have 

the privacy afforded by 
d a denial of access to and 
\ from other nets 



Learning Objective: State 
security p/recautions relative 
to AUTOVON, and "tell where 
to find instructions regardlrtg" 
the use of AUTOVON. 



Questions 12-52 and 12-53, dealing 
* with general information for AUTOVON 
u§ers, are to b^ judged True or FalsjS.' 

12-52, The AUTOVON is^ a secure line, but 
users must be careful to make sure 
. NO one is within earshot in the 
office when classified subjects are 
to be discussed. 

12-53, An AUTOVON directory, containing 
general instructions for placing 
calls on AUTOVON and for reporting i 
AUTOVON trouble, is published 
periodically and distributed to 
subscribers connected to respective 
AUTOVON switches. 

: — 

Learning Objective: Define 
some basic terms relative to 
Automatic Secure Voice Communi- 
cations ^AUTOSEVOCOM). 



12-54, As it relates to naval communications, 
what is'the meaning of the term 
''approved circuit"? 

1, A foreign harbor circuit for which 
permission for U.S, Navy use has 
been requested and granted 

2, A circuit which has been authorized 
for passing of encoded material of 
specific security classifications 

3, A circuit which has been authorized 
for plain language transmissions of 
specific security classifications 

4, Any circuit which conforms to 
safety standards and is available 
for Navy use 

12-55, What does the term "cross talk" mean? 

1, The garbled sound that results from 
more than one operator speaking on 
the same circuit at the same 

2, The sound heard 1n a rece^'^ 
resulting from telephone 
in another channel 

3, Intentional voice interferer 
(or voice jamming) on a circu i 

.4, Communication by voice from one 
mobile naval unit to another; 
i .e, » ship-to-ship 
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Learning Objective: State the 
Jocatlon of 'Instructions and 
describe some of the procedures 
concerning the operation of 
AUTOSEVOCOM. 



Learning ObjecjKive; Identify, 
define terms associated with^ 
and describe purposes, proced- 
ures, and benefits connected 
with MPDS, LDMX, NAVCOMPARS, 
and IXS. ' 



12-56/ Where should you , Took to find specific 
instructions concerning correct place- 
ment of calls on the AUTOSEVOCOM 
network? 

1, In the local AUTOSEVOCOM directory 

2, In the local AUTOVON directory 

3. In NTP 9 ^ V 

4. In ACP 125 t 



12-57. Which of the following statements 
regarding precedents usied via the 
AUTOSEVOCOM network is correct? 

1. Since so 'many i|s'ers have routinely 
. .'^ assigned higher precedences than 

required, it is now recommended 
that a precedence one level higher 
than that prescribed by existing 
circumstances be Assigned, as a 
standard rule-of-thumb^ 

2. An IMMEDIATE call will normally 
' preempt an IMMEDIAT.E call in 

.progress - ' ^- 

3. A**PRI0R1TY calVwill normally 
preempt a PRIORITY call in 

progress 

4. Precedences used on the AUTOSEVOCOM 
, network are as prescribed by the 

Joint Uniform Telephone Communica- 
. tions Precedence System 

12-58. What is the'minimum classification . 
level at y^hich the call originator 
must authenticate, ensuring that 
the called party is cleared for the 
information to be discussed? 

1. Confidential 

2. Secret 

3. Top Secret 

12-59. If an. AUTOSEVOCOM user hears cross talk 
on hfs. call ,. what should he do in addi- 
tion to any requi'red reporting of the 
iriadvertent .disclosure of classifiecj 
* information? |? 

He should 'Employ tracer techniques 
in an attempt to ascertain the 
identity of the other party 

2. He should immediately report the 
incident, in detail, to the security 

^ officer 

3. He should hang up and call again 

4. He should report the occurrence, in 
detail, to the switch operator 
serving the termination 



12-60. For what is MPDS an acronym, and 
what is it? 

1. The Message Processing and 
Distribution Systfem, a shipboard 
message-switching system which 
processes, -stores, logs, and 
routes traffic 

2. The'Multi-Purpose Digital System, 
a step forward in the processing 
of traffic by increased interface 
with digital computers 

3. The Multi-Purpose Data^ System, an 
innovation in overall handling of 
da,ta, including message traffic, 
by more fully automatic means 

4. The Mul tiplex/Phone/Duple^i; System, 
a fascinating achievement in^^ 
shipboard communications, linking 
various communications systems 
together and making the entire 
macrosystem available for rapid 
processing of traffic 

12-61. Which of the following actions does 

LDMX NOT perform on outgoing messages? 

1. Validating the message identifiers 

2. Searching system' files to assign 
correct routing indicators 

3. Counting, verifying, and printing 
group count 

4. Arranging messages in precedence 
order for tra nsmission 

12-62. If a major component of the LDMX 

becomes inoperable, to what extent, 
if at all, can the system continue 
to operat 
1. 



ite? I 
The system can sti 1 IToperate in 
the semiautomatic or^anual mode 
The system can still opera ^ n 
the manual, but seldom in li.c 
semiautomatic, mod^. 
The system can still operate in 
the manual, but NOT the semi- 
automatic, mode 

The system can not operate until 
the faulty component is again 
operable ^ 
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12-63. In the LDMX system, the detection of 
a mismatch in a securi ty Afield of a 
Secret message would result in which 
of the following occurrences? 

1. The display of the message to 
an inrouter or outrouter for. 
review «nd action, 

2. The sounding of the discrepancy 
alarm 

3. The flashing of the red m'ismatch 
light 

^ 4. All of the above 

12-64. The LDMX system is rapid. In which 
of the following ways can it also be 
correctly described? 

1. It is reliable and secure, but 
lacks flexibility 

2., It is reliable, secure, and 
flexible, but it requires 
significantly more personnel 
andequipment as the traffic 
load increases 

3. It is secure and flexible, but, 
because of l5>*equent maintenance 
requirements, is. rather unreliable 

4. It i^ reliable, secure, and 
flexible, and it will handle 
increases in traffic without 
increases in manpower and equip- 

, ment 

12-65. What is the primary purpose of 
NAVCOMPARS? 

1.. To maintain a running inventory 
and maintenance record of all 
communications equipment 

2. To serve the flteet by providing 
automated commu^ii cations processing 
and routing 

3. To provide automated communications 
processing and routi-ng among 
various shore-based units 

4. To link subscribers together for 
the excfiange of information by 
way of a satellite path 

12-66. What is the maximum number of contin- 
uous lines of message headings and 
text a fleet unit operating directly 
with a NAVCOMSTA equipped with 
NAVCOMPARS may transmit without 
dividing the message into two 
sections? 

1. 100 r 

2. 100 text + standard heading 

3. 350 

4. 550 



12-67. What is the IXS? 

1. A newly-developed intercommunica- 
tions system 

2. .An up-to-date system lised for 
troubleshooting communications 
equipment »r 

3. A system by which subscribers 
may exchange information via a 
satellite path ^ 

4. A system which simultaneously 
transmits and receives messages 
over AUTODIN to provide, rapid, 
accurate, reliable processing - . 

12-68. (a) On what type of unit is the 

SSIXS intended for installation, and 
(b) what is the relationship of the 
SSIXS with other communications 
equipment already installed? 
1. (a) Submarine, (b-) the SSIXS 
completely replaces the 
existing communications I 
system 

.2. (a). Submarine, (b) the SSIXS * 
' complements the existing 
communications system 

3. (a) Aircraft, (b) the SSIXS 

completely replaces the 
existing communications 
system 

4. (a) Aircraft, (b) the SSIXS 

complements the existing ^ 
communications system 

12-69. CUDIX is the automated information 

subsystem that was developed especially 
for the purpose of enabling rapid 
exchange of information between/among 

1. the aircraft squadrun commander 
and each member of his squadron 

2. ships at sea and aircraft 

3. fleet mobile units and activities 
ashore 

4. \ i vi ties ashore 
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Assignment 13 



Fleet CownunlCi 

Textbook As/T jnment ; Pages 323 - 338 
) " 



Learning Objective: Define the 
control, and organization of the 
fleet moltichannel broadcast 
(MULCAST) system. 



^1. Which pf the followVig actions is taken 
to help assure that each ship can receive 
L - all transmissions iiade by the Fleet Mul- 
y*tichannel Broadcast -(MULCASi ) System, 
regardless of ship localfion? 

1. Immediately after each message is 
broadcast, it is n^peated 

2. The HF broadcast is transmitted on 
several frequencies at the same time 

3. .Message traffic is transmitted from 
five different Naval Communication 
Area Transmitting Stations (NAVCATS) 
within each ocean area 

4. Official traffic is routed through a 
special amplifier unit, cai; 

Super Pack (SPP) 

13-2. What are the locations of the ' n- 
/ munications Area Master StatiOi 
\_as (a) NAVCAMSLANT d (b) NAVC/ . n , 
respectively? 
,1. (a) 'Norfolk, (b) Naples 

2. (a) Lajes, (b) Naples ^. 

3. (a) Lajes,. (b) Gaeta 

4. (a) Norfolk, (b) Gaeta 

13-3. What are the locations of the Neval Com- 
munications- Area Master Stations acting 
as (a) NAVCAMSEASTPAC and (b) 
NAVCAMSWESTPAC, respectively? 



1< 



3. 
4. 



(a) Midway, (b] 
Point 

(a) Honolulu, ( 
Point 

(a) Midway, (b; 
(a) Honolulu, ( 



Cubi Point/Subic 

b) Cubi Point/Subic 

Guam ' 
b) Guam 



through 13-7, select 
that match the defini- 

/ 




To answer questions 13-4 
from column B the terms 
tions in colump^A. 

A. Definitions 

13-4. The^tivity 

re^onsibie for 
placing the 
message traffic 
directly into the 
broadcast 

13-5. The controller of 
a specific broad- 
cast 

1 3-6. The activity that 
engineers the 
broadcast and. 
delivers the 
keying to the 
transmitting 



. M { L i lie for 
r adiating a signal from 
a broadcast supplied by 
the activity that engineers 
the broadcast and delivers 
the keying 



Learning Objective: Explain the 
significance of the broadcast 
designator, tell where to find 
a list of broadcast designators, 
and identify the components of 
the fleet multichannel broadcast 
system equ>^nt. 



B. Terms 

— 
Broddc^rst ' 
dontrol 

Authotity (BCA) 

2. -Bi^dcast 
Control #* 
Station (BCS) 

3. Broadcast Keying 
Station (BKS) 

4. Broadcast 
Radiation 
Station (BRS) 
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Figure 13A.— Fl^et multichannel broadcast ("N" system). 



Refer to figure 13A in answering 
questions 13-8 through 13-11^. 



To answer questions 13-8 through 13-11, selett 
from column B the component represented by the 
letter shown in column A. 



A. Identifying 
Letters 

13-8. A 
13-9. , B 
13-10". C 
13-11. D 



B. Components 

S 

1 . Antenna 
coupler 

2. Audio transfer 
switchboard 

3. t Filter 

4. Receiver 



To answer questions 13-12 through 13/15, select 
from column B the equipment repres^inxed by the 



letter shown in column A. 

Identify^^ing 
Letters 



13-12. 
13-13. 
13-14. 
13-15. 



B. Equi'i^^ment 



1. Black DC patch 
paneV 

/2. Crypto equipment 

3. Mu'ltiplex 
equipment 

4. Teletype 
machines 
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13-16. What jjo' the characters in the brpadcast 
designator signtfy? 

1. The first indicates the type of 
broadcast,, and the second, the naval 
cormunicatioK^ area of origin^ 

2. The first indicates the type of 
tjroadcast, the second and third con- 
st«± of'the identification number 
assT^df and the fourth Identifies 
the nav^l communications area of 

4^ origin ^ 

^ 3. The fjrst identifies the naval com- 

munications area of origi<n, subse- 
quent characters indicate the type 
of broadcast 
4. The first identities the naval com- 
munications ar6a of origin;' the 
second, the type of broadcast; and 
the third and fourth, the identifica- 
tion number 

13-17. In what publication can a complete list 
of broadcast designators be found? 

1. NTP 3 

2. NTP 4 

3. ACP 121 

4. ACP 122 

13-18. Into how many channels is the MULCAST ' 
divided? 

1. 12 

2. 14 c"^ 

3. ^16 

4. 18 



13-21. When does the 'MULCAST require restart?! 

1. At the beginning of ea^h crypto da> 
only 

2. At the beginning of eacft crypto day 
and any time synchropization is 
lost only ^i/y" C 

3. At the beginmng pf each crypto day 
and after each time message serial 
number 999 is received 

4. At the beginning of each crypto day,' 
any time synchronization is lost, 
and at the ^change of eacti wd;tch 

13r22. What functions c^oes the TSEC/KWR-37 
crypto device provide? 
1. Decryption of message traffic. and ^ 
^timing for the TSEC/KG-14 only 
♦2. Encryption of message traffic and 
timing for the TSEC/KG-14 only ^ 

3. Decryption and encryption of message 
traffic and timing for the 
TSEC/KG-14 

4. Decryption and encryption of message 
• traffic onlvf, ^ 

13-23. If a spare TSEC/KWR-37 is- available, 
approximately how many minutes before 
the new crypto day begins should (a) 
the new day's key card be inserted, and 
(b) the new TSEC/KWR-37 be patched in? 

1. (a) 15, (b) 1 

2. (a) 15, (b) 5 

3. (a) 45, (b) 1 

4. (a) 45, (b) 5 



Learning Objective: Define 
various MULCAST operating proce- 
dures. 



13-19. While an operator on a ship was copying 
routine traffic, an emergency event / 
occurred which caused him to miss a 
broafdcast number. How should he obtain 
it? 

1. Byrsending "BREAK" to the transmit- 
ting station, .and, when his "BREAK" 
is acknowledged, asking for a repeat 

2. By sending a service message to the 
broadcast control station^ requesting 

^a repeat / 

3. By copying it from his primary chan- 
nel one hour later 

4. By copying it from his secondary 
channel one hour later 



13-24. In what publication are the operating 

instructions for the TSEC/KWR-37 found? 

1. KAO-34 (series) 

2. H.O. 117 

3. JANAP 119 

4. JANAP 128 

13-25. If a ship is transitting the Atlantic 

and is going to make a routine broadcast 
shift, at what time should the operator 
(a) shift from, one broadcast to another 
and (b) send the broadcast shift mes- 
sage? 

1. (a) 0800Z, (b) in time it o reach the 
destination by 0001 Z J 

2. (a) 0800Z, (b) in time to reach 
the destination by 1600Z, preceding 
day ^ 

3. .(a) 0001 Z, (b) in time to reach the 

destina,tion by 1201Z, preceding day 

4. (a) OOOIZ, (b) in time to reach the 
destination by 1600Z, preceding day 



13-20. Where is the ^broadcast alignment proce- 
dure outl ined? 



1. 
2. 
3. 
4. 



NTP 3 
NTP 4 
JANAP 128 
AtP 122 



13-26. If an emergency broadcast shift occurs, 
what precedence should the message of 
notification have? 

1. ROUTINE only 

2. ROUTINE or PRIORITY 

3. PRIORITY or IMMEDIATE 

4. IMMEDIATE or FLAShJ/ / 
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13-27, 



13-28, 



What 1s the mlnlmqm number of days for 
.which broadttast copliBs, carbons, and 
tapes must be retained? 

1, 10 

2, 15 

3, 20 

4, 30 

If Top'NSecret messages whfch were 
recelv^ but NOT addressed to an afloat 
cofwnand are destroyed, (a) how maijy wit- 
nessing officials must Initial the check- 
off sheet next to the approorlate broad- 
cast serial numbers, and (b) how long 
the check-off list be retained? 



must 
1. 
2. 

3. (a) 

4. (a) 



13-29, 



13-30. 



(a) 1, (b) 30 days 

(a) 2, (b) 10 days 

3, (b 1 

3, (b 



0 days 
2 years 



^ Use list 13A in answering question 
13*31. : 

13-31 . Which of the ^preceding functions does 
the Broadcast Circuit Number log and 
Record of Destruction serve? 
fl . A throu^jb E 
2. A, B, cTjpd E only 
' 3., A, B, an^ only^ 

• 4. A, C,» #!d E only 



Learning Objectovfe: Explain ho' 
to identify single channel broad- 
casts, and define procedures 
applicable to slibmarlne broadi 
casts. 



If a Radioman has missed broadest num- 
bers applicable to his ship and has 
exhausted all other means of obtaining 
them, without success, he should send a 
Broad(hist Screen Request. Who should be 
(a) the action addressee, (b) the infor- 
natlon addrfgsj^, and (c) a second Infor- 
mation addressee if more than 25 
broadcast numbers were missed? 

1. (a) BKS, (b) BCS, (c) BCA 

2, * (a) BKS, (b) the appropriate NAVCAMS,' 

(c) his numbered fleet commander 

3. (a) BCS, (b) BCA, (c) the appropriate 
NAVCAMS 

4, fa BCS, (b) the appropriate NAVCAMS, 
(c) his numbered fleet commander 

At regular intervals, a message summary 
heading recap is sent on each first-run 
broadcast channe];. How often does this 
occur? 

1 . Once an 

2. Once every 15l>ur hours 

3. ' Once every /ix* hours 

4. Once a day^ 



A. 



To list 

received 

broadcas 




le number of messages 
transmitted via the 



D. 



E. 



To list the precedence of each 
message 

To list the classification of 
each message 

To list the dafe-time group 
(DTG) of each Tnessage 

To serve as the recerd of 
destruction for classified 
messages 



— '-t ' 

13-32. Single thannel broad^sts are Identified 
as such by the COMMAREA designator . 
followed by 

1 . SGL or SCB 

2. SGL or SPG 

3. RTT or SPG ^ 
^ 4. RTT or SGL 

/ 

13-33. Which of the following statements 

reflects the normal procedure concerning 
the new cryptographic day in the sub- 
marine broadcast system? 

1. The cryptographic day for all sub- ' 
marine traffic* is OOOIZ, and the 
first transmission is the message 

' with the highest precedence 

2. The cryptogr^aphlc day for all sub- 
marine traffic is OOOIZ, and the 
first message Is a traffic list 

3. The cryptographic sta:rt times are 
staggered, and tfte. flrst .message of 
the cryptoday Is a traffic list 

4. The cryptographic diay start times 
are staggered, and the first message 
of the cryptoday Is the message with 
the highest .precedence 

13-34. How many times are transmissions repeated 
on submarine broadcasts? 

1 . Twice only 

2, Two, thrfe, or four times, as 
required 

3. Four, six, or eight times, as 
required 

4, Three, four, six, or twelve times, 
required 



List 13A 



What Is VERDIN7 

1. The most widely used single-channel 
submarine broadcast system 

2. A multichannel submarine broadcast 
systapi using minimum shift keying 

(mskT 

3, A multichanner MERCAST sys^tem which 
transmits traffic 40% fa^er than 
the old system 

4, A category of weather schedules 
dealing with- 'potentially dangerous 
weather 



Learning Objective: Describe 
the Composite Fleet/General 
Broadcast (CMP), and describe 
related transmission fefnnats 
and operating procedu/es. 



13-39. 



13-36. 



13-'37i 



Which of the foil 
rectly describe 
General Broad. 



13-38, 




ing statements cor- 
Composite Fleet/ 
(CMP)? 



1, It is a^W^roadcast system serving 
U.S. flelMr units which- are unable to - 
copy a covered broadcast* and also 
serving Allied ships and other 
authorized users 

2. It is basically a teletype system of 
communications, sending message traf- 
fic and weathfer and hydrographic ^ 
messages to U.S. and friendly 
foreign vyarships 

3, It is a 'single sideband comnunication - 
systm .which J)sndl.es:imfis^.age^traffic 
and weather and hydrographic messages 
to an(t f rom U.S. and friendly foreign 
warships 

4. It 'is a broad-coverage, world-wide , 
CW commijni cation system, serving 
both tl^Y-^ijs^ and shore-based 
units of U:S. and'Triendly forces 

Which of the following transmissions is 
in the correct format for a call-up for 
a fleet schedule? 

1 . NERK NERK ^ERK DE NAB NAB NAB FLEET 

2. NERK NEltK f^E^^K DE NAB NAB NAB K i 

3. NERK NERK NERK FROM NAB NAB NAB K 

4. NERK NERK NERK FROM NAB NAB NAB 
FLEET 

Which of the following transmissions 
illustrates t^e Correct format of the 
complete transmission immediately prior 
to the first message of a fleet schedule? 

1. NERK NERK NERK DE NAB NAB HAB K 

2. BERK NERK NERK DE NAB NAB NAB ZBO 04 
3i EEEEEEEE NERK NERK NERK DE NAB NAB 

NAB ZBO 04 AR 
4, EEEEEEEE NERK NERK NERK DE NAB NAB 
NAB ZBO 04 



13-40. 



13-41 , 



13-42. 



13-43. 



What does the operating signal ZIA 'V 
preceding a message mean? 

1, There has beep at least one other 
message on this same subject within 

. the past 24 hours 

2. This message is sent out of sequence, 
ahead OT those with a lower prece- 
dence 

3. One or more classified messages 
follow 

4, This is the first section of a 
multisection message. 

After all fleet traffic has been trans- 
mitted, a QRU tape should be transmitted 
in which of the following formats? 
1 
2 



13-44. 



3. 



NERK NERK NERK DE NAB QRU AR 
NERK NERK NERK DE NAB IJjAB NAB NR 
004 QRU AR 

EEEEtEEE NERK NERK NERK DE NAB QRU 
- AR 

# ♦EEEEEEEE NERK NERK NERK DE NAB NAB 
NAB NR 004 QRU AR 



At the beginning of a fleet stnedule, 
if thetfi>ransmitt1ng station has NO 
traffic, the operator should send a 
transmission in which of the following 
formats? 

1, - NERK NERK NERK DE NAB QRU AR 

2, NERK NERK NERK DE NAB NR 004 QRU 
AR 

3, EEEEEEEE NERK NERK NERK DE NAB QRU 
AR ' 
EEEEEEEE NERK NERK NERK DE NAB NAB 
NAB NR 004 QRU AR ' 



4. 



In what publication is there detailed 
information concerning MERCAST systems 
during peacetime? " tf " w 

1 , ACP 122 

2, ACP 149 

3, H.O. 117 

4, KAO 34 (series), . 

In. what publication are the wartime 
schedules and frequencies of each 
Allied MERCAST area? 

1. ACP 122 ' t 

2. ACP 149 

3. H.O. 117 

4. KAO 34 (series) 

How many minutes before the hydrographic 
schedule time is the call-up usually 
made? 



3 min 
5 min 
7 min 
10 min 



/ 
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13-45. How should a Radioman find out the 

schedule and frequencies for the Navy 
weather schedules? ^ 
1. By requesting them from the BKS 
' 2. By requesting them from the BCS 

3. By requesting them from the BCA 

4. By looking in the COMMAREA Coninunica- 
tlorvs Information bulletins (CIBsf)^ 

13-46. If the commanding officer and other 

competent authority impose NO additional 
directives, what are the requirements, 
if any, regarding the copying of the 
weather schedule by (a) ships with 
weather units, and (b) ships without 
weatrher units? 

1. Both (a)- and (b), copy the entire^ 
Navy broadcast for their; areas / 

2. (a) Copy the entire Navy broadcast 
for' their areas, (b) copy >ajt least 
the synaptic- schedules of t;hfe Navy 
broadcast for their areas 

3. (a) Copy at least the synoptic sched- 
ules of^the Navy broadcast for their^ 

^j^rea, (b) none 

4. Both (a) and (b)., none 

13-47. In what order are Composite Flight/ 
General Broadcast; schedule messages 
'filed In the conmunication center? 
1* By date-time group 
2.. By classification 

3. By subject 

4. Incoming, by station of origin; 
outgoing, by addressee 

13-48. At least how often should entries be " 
made in the radio log? 
T. Every five minutes 
' 2. Every ten minutes 

3. Every fifteen minutes 

4. Every twenty minutes 

13-49.' When, if ever, must the radio log be >> 
^ signed in ink? 

1. When the watch changes, when a net 
or circuit is closed down, and when 
any abnormal or unusual circumstance 
1s recorded in the log 

2. When the watch changes and when a 
net or circuit is closed down only 

3. When the watch changes only 

4. Never. Operator .initials or 
designator letters are used 



Learning Objective: Stat^ the 
purpose of the facsimile broad- 
cast, and describe related 
general operating procedures. 



13*>50. For what purpose is the facsimile broad- 
cast normal ly used? . ; 
. To receive illustrated news 
bulletins • . ^ . 

2. To receive weather maps 

3. To receive navigational maps 

4: To receive operational and tactical 
sketches of Items such as* rendezvous 
points " • 

13-5^. For how many minutes before the beg1n- 
ning'of a facsimile schedule should a 
station (a) make a preliminary test 
call, and (b> transmit the synchronous 
signal? 

1 . Both (a) and (b), 2 min 

2. (a) 2 min, (b) 5 min 

3. (a) 5 min, (b) 2 min 

4. Both (a) and (b), 5 min ' - , 



Learning Objective: Identify 
the primary means af delivering 
traffic to ships, and describe 
various ship/shore circuits 
and procedures. 

. ■ : — ^ 

13-52. What is the primary means of delivering, 
traffic to ships? 

1. Fleet Multichannel Broadcast System 

2. VERDIN ^ ' . 

3. Composite' Fleet/General Broadcast' 

4. Merchant Ship Broadcast 

13-53. What is the primary means of ship/shore 
communications today-? 

1. CW • ^> 

2. Radioteletype ^ ^ 

3. Single sideband reduced carrie^ 

4. Single sideband suppressed carrier 

.13-54. What are ORESTES circuits? ^ , 

1. Fully duplex nonsecure ship/shore 
radioteletype circuits over which 
traffic may tye processed very 
rapidly ' ^■^^i- 

2. Secure ship/shore radioteletype cir- 
cuits which may be operated in 
simplex or semiduplex modes of 
operation only 

3. Secure ship/shore radioteletype cir- 
cuits which may be operated in 
simplex, semiduplex, or fully duplex 
mode ^. , • 

Radiotelephone circuits for ship/ 
shore use 
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13-55-- The Federal Communications Act of 1934 

' provides for what penalty for those \ 
found, guHty of transmitting obscene, 
. - * • Indecenti or profane language. by radio? 
K Not more than $5,000 fine or one 

year's imprisonment, or both 
2., Not more than $5,000 fine or two ; 
years' imprisonment, or both 
/ 3- fiot more than $10,000 fine or one 

year's imprisonment, or both 
.4. Not more than $10,000 fine or two 
. ' years', imprisonment, or both 

13-56. If a unit ob<erves for the first time - 
a certain deviation from prescribed 
procedure, which of the following actions 
should it take? ' ; ' 

1/ It should Send a Communication 

Improvement Memorandum (CIM) to the 

violator 

i, .It should send a CIM to the fleet 
commander-in-chief, with a copy to 
the'violator A 
It should send ^ speedle.tter report 
^^■Kto the^violator . 
As^It should send a speedletter report 
to the fleet commander-in-ch-ief , 
«^ with copies tO' COMNAVTELCOM, the 
' • .type commander, a.nd the violator 



1 



Learning Objective^^-^ State the 
,highest degree ot classification 

that may be processed over RFCS 
.circuitry, arid describe the 

basic equipment ;i;h at is a* part 

of this sys-tem.N . 

^ i^i' • .. . 



T^-57. What is the"* hitjhe^st security marking of 
traffic which -can be cleared for trans- 
mission on a fiitl duplex FSK ship/shore/ 
ship radio frequency carrier shift 
(RFCS) system covered by a TSEC/KW-7CR? 

1. ' Unclassified 

2. Corvfidential 

3 . lecret 

4. top Secret 

13-58. To learn the operation of each equipment 
used in the primary ship/shore system. * 
where should you look? 

1 . NTP 3, Annex C 

2. NTP 4, Annex D 

3. The operator's section of each equip- 
^ ment technical ri|anual 

4. ACP 149, Annex 



13-59. Depending upon the type of transmitter 
used in conjunction with RFCS, the 
transmitter frequency must be set to 
^. either. the exact carrier frequency or s 
to a frequency that Is , 

1. 2 Hz below the carrier frequency ^ \ 

2. 2 Hz above the carrier- frequency 
^ . 3, 2 kHz below the carrier frequency 

4. 2 kHz aboi^e the cai^ier frequency 

^ Questions IS-^SO through 13-62., pertain- 
ing to full duplex FSK ship/shore/ship 
(pFCS) equipment, are to be judged True or 
FBlse. 

13-60. The basically crystal -control led R-1051 
receiver, capable of receiving radio 
signals in the 2 to 30 MHz frequency 
range, is the primary receiver, now used 
for ship/shore communication^. 

13-61. For space diversity reception, two 

receivers are tuned to the same carrier 
frequency, but their antennas are 
physically located, some distance. apart ; 
for frequency diversity reception, two 
receivers are tuned to different carrier 
. frequencies .that are carrying identical 
information. ^ 

13*-62. The TSEC/KW-7CR crypto, equipment is a 

duplex device which can be used to send 
on one channel and receive on the other 
channel at the same time. 

.13-63. In the ORESTES system, a restart at the 
beginning of a crypto day can be made 
very quickly and easily. How -is this 
done? 

1. ' By replacing the bid ca^d in the 

card reader with a new one . 

2. By pressing a button and holding \itv^ 
in while turning the^knob above the 
button counterclockwise 

. 3. By inputting a prepared restart - 
program on paper tt|pe " / 

4. By inputting the letters "RST" and 
tfie date. and time by means of the 
keyboard 



Learning Objective: State the ; 
number of key cards in a book 
and' the tinjB^ limit for key card ^ 
destruction. 
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13*64. rtow many ship/shore key cards come 1n a 
^ compltte bctok? 

• 1. n / ^ ' 

2. 2T ) 

3. 31 
. 4. 34 

13r65, Within how many hours after telng super- 
seded must a key card be destroyed? 
1. 24 \ 
2% 48* ^ 
37 72 . 

4. 96, 



Learning Objective: U)iscusj5^ 
traffic flow on primary and 
secondary shig/shore circuits. 



13-66. Which of the following actipns occurs 

when a message arriving at a NAVCOMPARS- 
equipped station has art error in the 
f critical format line? ■ 
> .. 1. A time delay occurs at the NAVCOMPARS- 
equipped station because pf required 
manual intervention and service 
action 

2. A service messagig will automati eerily 
be generated to the sendei^.^dvising 
that, because of an error, jj^e mesr 

/ sage is rejected and shoultf be 
retransmitted in correct form 

3. A service message, automaticaHy sent 
to the originator, causes the^oell to 
ring, artd directs the retransmission, 
in correct form, of a specified por- 
tion of the message 

4« The error will not be detected as it 
passes through the UAVCOMPARS- 
equipped station; however, the exist- 
ing error may trigger other errors, 
or the message may be missent 

13-6). "Which of the following types of circuits 
" ^ is the secondary ship/shore circuit? 

1 . Radiotelephone 

2. CW 

3. Radioteletype classified 

r 4. Radioteletype unclassified 

13-68, How, if in any way, would It be permis- 
sible for a classified message to be 
sent on the secondary ship/shore circuit? 



13-69. Briefly, what are (a) the operating 
principle and (b) the purpose of 
MIDDLEMAN? 

1. (a) An operator In an aircraft 
copies ships' transmlsstons on UHF 
and retransmits them on HF, 

{b)to permit message traffic to ' 
continue without 'violating EMCON 
restrictions 

2. .(a). An operator in an aircraft copies 
ships' transmissions on UHF and 
retransmits them on KE» (b) to 
increase the transmission range 

3. (a) An operator In an aircraft copies 
ships' transmissions on }IF and 
retransmits them on UHF, (b) to 
increase the -transmission range 

' 4. (a) An operator in an aircraft copies 
ships' transmissions on HF and 
•retransmits t^pm on UHF, (b) to 
permit message tr&ffic to continue 
without vioTating EMCON restrictions 



• Learning Objective: Describe 
-SJT AUTOCAT and |1IDDLEMAN opera.- 
^tions; procedures for use when 
'the shipboard HF must be shutj 
down, and procedures used in 
the Pigeon Post system. 



1, 

2. 
3. 



4. 



In any way, as this is a secure, 
circuity 

By first encrypting it off-line 
B/ preceding it with the classified 
material preparatory operating 
signals 

In no way / 



13-70. What is the difference between MIDDLEMAN 
and AUTOCAT? 
. 1. MIDDLEMAN use§ an aircraft in its 

retransmission procedure; AUTOCAT - 
' u^^es a ship • 

2. ^ The procedure is the same; but the 

frequencies are different 

3. ^ In MIDDLEMAN operations, an operator 

copies and retransmits; in AUTOCAT 
operations, the equipment receives 
. and retransmits automatically 

4. Retransmissions^^via MIDDLEMAN ifre 
at the same speed as the original 
transmission; retransmissions via 
AUTOCAT are at a" higher speed 

13-71. If the HF transmitters on a carrier must 
be shut down when, for instance, air- J 
^ craft are. being ^rmed, how, if in any 
way, can ship/shore communications be 
maintained? ' 

1. Message traffic may be -passed by 
Pigeon jPost, but in no other way 

2. After a service message of notifii 
tion td the NAVCOMMSTA is sent, th^ 
operator may send and receive traj 
fic by UHF 

3. The operator may transmit via UHF to 
J a relay ship that will then relay 

the mespge via HF to a NAVCOMMSTA 

4. In no ^^"^ 
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/ . * 13-7^. What is the procedure Involved in 

Pigeon .Post? 

1. An operatbr. physically carries 
the messages to be sent and 

' ' goes to another ship to send 

a • them 

2. Messages and other material 
' are flown from one ship 'to 

another, but the operators 
4 \ remain aboard their own ships 

' 3. Messages are prepared on precut 

-4 tapes, bagged » and flown to a 

\ message center for transmission 

y 4. A temporary cdmmunicatiops 

shelter is set up ashore for 
use whil^ the ship is in that 
port 



J 
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AssjgRment 14 



Cofflmunl cations (Continued); Dlstre&s Communications 
Textbook Assignment: Pages 338 - 355 



Learning Objective: Describe 
the Fleet Flash Net (FFN) and 
related procedures. 



14-1. What is the Fleet Flash Net (FFN)? 

1. A duplex TSEC/KW-7CR covered Top 
Secret net, the main purpose of 
wMch is to' provide communications . 
among pperational command' sub- 
scribers 

2. An uncovered net which has preemption 
capabilities over other nets, and 
which is used only for destructive 
weather flashes or other similar 
warnings in which rapid transmission 
is crucial 

3. A duplex net, secure up to Secret 
only, used primarily for tactical 
purposes during actual or simulated 

^ . encounters with hostile forces 

4. ^ An uncovered net over which a sub- 
scriber may Vijig up" the subscriber 

oXMs'^cholce' by^Tlie use 

"touchtone" buttons 



14-2. 



14-3. 



14-4. 



Normally, of what precedence(s\ are 
messages transmitted on the FFN? 

1. ROUTINE and PRIORITY 

2. PRIORITY and IMMEDIATE 

3. IMMEDIATE and FLASH 

4. FLASH onTy 

it ^ 
For messages on the FFN, what is the 

maximum number of Ca) ^ddress&es, and. 
groups? . ,^ ^ , . ' 
(a) 12, l[&\>IOe-- \ ^- T .... , 
(a) 12, (b)H50 
(a) 15, (b) IQO* 
(a) 15, <b) T50 



(b 
1. 
2. 
3. 
4. 



14-5. 



14-6. 



1 



What is the meaning of the term 
"hubbing"? 

1. Routing the signal of the calling' 
party through all subscribers of 
the net and back to the calling 
party 

2. Gaining access to a circuit already 
in use, and causing interference 
with the ongoing transmission by 
testing or transmitting 

3. Batching messages for transmission 
rather than se;nding them individually 

4. Calling in and identifying on the 
net in order to ensure that all sub-, 
scribers are accounted for and able 

• to copy " 



Learning Objective: Describe the 
Interim Command Switchboard (ICSB), 
its purpose, and general operating - 
procedures.- 

— \ 

Detailed information concerning the 
FFN is in NAVTELCOMINST C2303.6 (spr|es). 
Yojur textbook tell^^ou that which of ' 
the following .pubTTcations also contains 
information on that subject? 

1. ATP 121 

2. ATP 122 

3. NTP 3 . .J 
4: NTP 4 W 

What is thfe Interim Command Switchboard • 
(ICSB)? . ^ ^ 

r. fulVy jaiitOmat^d interface 'between 
"^vojce radio circuits and telephone 
1 ines ashore . 

2. A manually operated .interface among 
subscribers at sea (ships) 

3. A fully automated ship/air and air/ 
ship interface 

4. A manually operated interface between 
voice radio circuits and telephone 
lines ashore * 
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14-7. 



14-8. 



14-9. 



14-10\ 



What is the main purpose of the ICSB? 

1. To provide the tactical linkage 
necessajry among the captains of 
dlfferient ships at sea 

2. To facilitate- the inter-unit com- 
munication necessary during search 
and rescue operations 

3. To provide the linkage necessary to 
enable naval commanders to communi- 
cate with their subordinates 

4. To provide the l-inkage necessary in 
case of medical, fire, or destructive 
weather emergency 

What types of communications are allowed 
on ICSB? 

Official business calls, up to and 
including Secret 

Unclassified official and personal 
calls, with the official having ' 
^ precedence over the personal 
Unclassified official calls only 
Official business calls, unclassified 
and Confidential only 



14-11. Who has di^rect control over the entire 
HICOM network? 

1. The Secretary of Defense 

2. Vf\e Chief of Naval Operations 

, 3. The Dtrect6r of the Defense Communi-; 
cations Agency 
4. The Commander, Naval Conmiunications 
Command 



14-12. 



1. 

2, 



14-13. 




If a fleet or airborne subscriber 
attempts to place, through ICSB, an 
official unclassified call that Ij^olves 
tolls, which of the following a/tions 
'would normally be taken? 
1. The call would be complete 

NAVCOMMSTA transferring thfe 

would pay the tolls, usingft 

fulhds » 
2\ The call would be completed, and the 
^originating subscriber would pay the 

tolls 

3. , The call would be completed, and the 
' tolls wuld be cancelled, by .agree- 
ment between the government and the 
telephone companies; 

4. The call would not be completed 

Frequencies iS^jP^use in "^the ICSB network 
are assigned by . 

1. the cogriizant NAVCAMS 

2. the cognisant numbered fleet, 
commander 

3. the cognizant Fleet Commander-in- 
Chief . 

4. CNO 



14-14. 



Into how many area voice nets is HICOM 
divided? * 

1. One ' 

2. Two 

3. Three 

4. Four 

Units in which of the following cate- 
gories may^be designated to maintain a 
continuous guard or\^the HICOM networlj?. 
1. Aircraft carrier^ and command shil^s 
2i Cruisers and command ships 

3. Command ships only 

4. All of the above 

Which of the following ^statements con- 
cerning the relationship of nava.1 ships 
with HICOM is correct? . 

1. ,A11 navaVsMps, stations, and air- 
craft are automatically members of 
the-HICOM net ' 

2. All^naval ships, stations,, and air- 
craft should be prepared to communi- 
cate via HICOM^, as they may be 
directed. to- do so 

3. All niyal ships and stations should, 
be prepared to fcommunicate via 
HICOM if directed to do so, but^air- 
craft are exempt from this require- 
ment ✓ 

4. As membership iJi the net?is highly 
restrictive, a'nd the operatirtg 
frequencies associated with HICOM. 
are- classified, no unit should be 
concer*ned with operating procedures 
or equipment unless it is a permanent 
member of the net . 



Learning Objective: Identify .the 
source of control over the HICOM 
network "and its components, ^■ 
identify the frequency of the 
Fleet Warning/Tactical Net, and 
.describe HICOM and Fleet Warnirrg/ 
Tactical Net operations. 



o 
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^14-15. What Is the prescribed procedure for 
tuning* transmitter^ assigned to HICOM 
net, use? 

1. Transmitters should be pretunefl and 
calibrated In a dumny load, and the 
final tuning accomplished during live 
transmissions, as tuning is not per- 
mitted on HICOM frequencies 

2. Each net member is assigned a certain 
block of time each day in which to 
tune the transmitter on HICOM fre- 
quencies ' ) 

3. Each net member is assigned a certain 
block of time each week in which to 
•tune the .transmitter oji the HICOM 
frequencies 

4. All net members may tune transmitters 
on HICOM frequencies between 2000 
and 0600 local time on a not-to- 
interfere-with-traffic basis 

14-16. The HICOM net may be used for messages 
of which of. the following precedences 
an4^classification categories? 

1. ^'All precedences and classification 

categories 

2. FLASH or IMMEDIATE in any classifica- 
tion category only 

3. All precedences: of unclassified mes- 
sages only / 

4. FLASH or IMMEDTATE unclassified 
messages only 

14-17. Wha^t is the frequency of the Fleet 
Warning/Tactical Net? ' 

1. 500 kHz 

2. 121.5 MHz 

. 3. 277.8 MHz ' - 

4. 282.8 MHz " 



Learninig Objective: Identify 
the two tasic types of ter- 
minations,* and describe proce- 
du(^es and circuits involved 
in single-channel and variable 
frequency carrier telegraph 
(VFCTr terminations. . 



14-19. Under normal cdnditions, (a) wherft should 
a terminatiorr request be sent, and (b) * 
..at least how many hours before the 
■ requested time of termination should the 
request, be made? » . 

1. (a) To CNO, (b) 36 

2. (a) To the appropri^atie^fleet com- 
mander, (b) 36 

3. (a) To CNO, (b| 48 

4. (a) To the appropriate NAVCAMS, 
(b) 48 ^ 

14-20. In what publication are procedures for 
requesting a termination outlined? 

1. NTP 3 — 

2. NTP 4 ■ . " , ' 

3. ACP 121 ^ • . 

4. ACP 122 ' V 

14-21. If the signal of a transmitting Unit is 
NOT at traffic quality, which of the 
fpllowing has the responsibility for 
initiating or requesting frequency 
shift? 

1. The receiving unit 

2. The transmitting unit 

3. The appropriate.NAVCOMMSTA 

4. The local security group 

14-22. Wfiat is the difference, if any, between 
the operating procedure on a ship/shore 
circuit and that on a full termination i* 
net? 

1. On a' ship/shore^ circuit, the sending 
station must transmit the calls of 
the receiving arid the sending units 
three times;- on a full termination 
circuit, only one time 
■2. Me^ssages sent on a ship/shore circuit 
' ?re limited to 25 words each; oh full 

tjprmination there is no limit ^ 

3. On a ship/shore circuit, as t)ppos«^ 
to a full termination net, units wust 
wait their turns to transmit 

4. There is no difference in procedure; 
only in frequency - 



False. 



^ Questions 14-23 and 14-24, relative to 
terminations, are to be judged True or 



,14-18. As given in your textbook, what are the 
two-, basic types of terminations? 

1. Complete and partial 

2. Temporary and permanent 

3. AM and FM radiotelephone 

4. Single channel and multichannel 
radioteletype 



14-23. When variable frequency carrier tele- 
graph (VFCT) is used, the signals from 
the various teletypewriters (channels) 
are multiplexed together into a "tone 
package" at the transmitting station for 
transmission. Then, at^the receiving 
station, the signals are demultiplexed 
into individual signals and distributed. 

14-24. A single channel full period termination 
circuTts on board ship is covered by TSEC/ 
KW-7CR cryptographic equipment. 
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14-25. State the number anS assigned functions 
of the teletypewriter(s) 1n a single 
channel/full period termination. 
1. One; used for both transmitting and 
receiving ' * / 

Two; one for transmitting and ohfe 
for receiving 

Three; one for transmitting, and two 
for receiving 
4. Two; each for both transmitting and 
receiving 

14-26."* Which of the following statements is 

correct concerning th#tone channels of 



2. 
*3. 



a division multiplexing teletype 
terminal? 
1 



and 



There are two tone channels set 
stabilized at 500-Hz separation 

2. There are four groups of tone chan- 
nels, each group containing three 
channels tuned to the identical 
frequency, and each group slightly 
displaced in frequency from the' 
others / . - ■ 

3. There are six^p*irs of^orie chan- 
nels, each pair containing twoJbhan- 

^ nels tuned IfO^the identical 

frequency, «id each 'pair slightly-. 
" displated in frequency from the 
others/ 

4. There are a number of tone channels, 
' each slightly displaced in frequency 

14-27* If a ship has been requeated to stop 

sending (QRT) because its t/ansmtssions 

the 



what should 



operator 



are^garbled, 
do?* • ^* ' ■ 

'-1. He should imnediately shut down and 
turn off alT transmitters 

2. He should alternate five minutes 
transmitting, five minutes silence 

3. He should type "RYRY..." on the key- 
board until the circuit is restored 

4. He should begin sending a test tape 

14-28. Ships maintaining a full period ter- 
mination must send a report at 0001 Z 
daily (unless otherwise directed) con- 
cerning circuit outages during the' 
previous radio jjay. What are (a) the 
name and (b) the precedence of the 
report? 

1. (a) COMMSTAT, (b) PRIORITY 

2. a) COMMSTAT, (b) IMMEDIATE 
- 3. (a) COMMSPOT, (b) PRIORITY 

4. (a) COMMSPOT, (b) IMMEDIATE 



Learning Objective: Explain the 
meanings of the characters that 
conipVlse the y|adio emission^ 
designator. 




Questions ^4-29 through 14-32 relate to the 
charaoierr that comprise the radio emission 
designator "3A3J." To answer these questions, 
select from column B the character which gives^ 
the information specified in column A. 



A. Information 



14-29. Type of 

transmission 
(Telephony) 

14-30. Supplerapntary 
information 
(Single side- 
band suppressed 
"carrier) 



B. Characters 

1 . 3 (1st character) 

2. A (2nd character) 

3. 3 (3rd character) 

4. J (4th character) 



14-31. Type of modulation (AMj, 
14-32. Necessary bandwidth (in kHz) 



Learning Objective: Explain 
procedures and regulations 
regarding transmitter tuning, 
and ^tate the frequency range 
of satellite conmun'i cations. 



14-33. When you tune a transmitter, the_final 
stage of which will be tuned on the air, 
you should ensure that the antenna is^ 
groundfdy-and then follow which of the 
procedures listed -below? 

1. FirsJ:, tune the antenna stage, using 
average operating ^ower', then, using 
reduced power, tune the transmitter 
through all the.r»emaining stages, 

V beginning at the first stage 

2. First, tune the transmitter through 
all the stages preceding the antenna 
stage; then, in three separate tests 
--at low power, average power, and 
high power --test the antenna 

3. First, tune the transmitter through 
all the stages preceding the antenna 
stage; then test the antenna at low 
power only 

4. First, tune the antenna stage, using 
low power; then, still using low ^ 
power, tune the transmitter through^ 
all the remainin'g stages, beginning 
at the first stage 



14-34. 



Norrhally, when should antennas for fre- 
quencies (a) between 15 and 30 MHz, and 



(b) 
1 . 

2. 
3. 

4. 
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in the VHF and UHF range be tuned? 
(a) After darkness, (b) during day- 
1 ight houf's 

Both (a) and (b), after darkness 
(a) During daylight hours, (b) 
after darkness 

Both (a) and (b), during dayligh^ 
hours 



14-35. What H the maximum allowable time 

Interval between frequency meter cheeks ^ 
of the frequency of radlo^ recc^.lvers 
(unless crystal controlled) on circuits 
with HO or few transmissions? 

1 . Every hour 

2. Every two hours 

V "3. Every three hours 
4. Every four hours 

14^36. What is the .maximum allowable time inter- 
val between checks of the shipboard 
frequency meters against the standard 
►frequency broadcast? 
. 1 . Three days 

2. One week 
- 3. Fifteen days 
4. One month 

'14'-37. When a ship is in port, who will control 
any transmissions made-for test purposes? 

1 . The pomrounications operators 

2. The communications officer 

3. The senior Officer present 

* 4. The senior enlisted communications 

person present 



14-38. 



In what frequency bands do Navy tactical 
and strategic satellite communications 
^operate? 

1. SHF and EHF 

2. UHF and SHF 

3. VHF and UHF 

4. HF and VHF 



Learning Objective: Identify 
the frequencies to be used ^ 
and describe the correct proce- 
^dures for sending a distress 
message. 

14-43. If a ship sailing alone becomes involved 
in a distress situation under circum- 
stances in which security considerations 
outweigh the need for assistance, what 
frequency(ies) is/are an operator 
authorized to use tolNend a distress 
message? 

1. Normal operating encrypted circuits 
only , . 

2. Normal operating encrypted circuits 
and national distress frequencies 
only 

3. Normal operating encrypted circuits 
and international distress fre- 
quencies only - 

4. Normal operating encrypted circuits 
and national and international 
distress frequencies 



14-44. 




Learning Objett*^: Identify 
the location of information 
on the subjects of communica- 
tions reports and procedures. 



To answer questions 14-39 through "14-42; select 
froifi column^B the publication which contains the 
Information listed in colunjn A. . ^ a ■ C 



14-45. 



14-39. 



14-40. 



A. Informatio n 

Examples of 
COMMSTAT and 
COMSPOT reports 




s, 



B. Publica 

1. Annex A to NtP 6' 

2. NTP 2 

3. NTP 4 



Detailed infor 
^nation concern- 
ing the submission 4. OPNAVINST 2400.7 
of the frequency 
\report . 

14-41. ^ormula§ for 



What frequency(ies) is/are an operator 
authorized to use to .send a distress 
message if the need for assistance out- 
weighs ^security considerations? 
1. Nonwl operating encrypted circuits 
only^* 

Noi^mal operating encrypted circuits 
and national cfi stress frequencies 
only 

Normal operating encrypted Circuits 
and international distress rre- 
quencies only ^. 
Normal operating encrypted circuTt's- 
arid national and international; 
distress ^fijpequencies 



2. 



4. 



A distressed ship'traveling in company^ 
with other ships should transmit a 
distrefss, message addressed to 
1. £Q (all stations) " ' ' 
the Officer in' Tactical Command 
(OTC) 

the nearest ship 
the appropriate NAVCOMMSTA 



2. 



3. 
4* 



JTfinding baridwidth 
14-42. Specific operation 



Specific operatf 
procedures concerning 
various satellites 




Learning Obje\:tiv^: Identify 
various emergency and calling 
frequencies and\describe the . 
observance of sijlent periods. 
^ . / 



y 



136 




ERIC 



To answer questions 14-46 through 14-^» select 
from coluiiH. B the frequency that *matchjls the 
descHofion of distress or emergency ^hge given 
In column A. 



To answer" questions 14-53 through 14-55, select j 
from column B the frequency that matches the 
description of search and rescue (SAR) usage 
given^ in column A. 



A^ Usage . 

■ 7 

04-^46. ^International , 
- voice distress; 
safety, and 
calling 

14-^7. International 
CW/MCW 
distress and 
calling 



B. Frequencies 

1. 500 kHz ^ 

2. 1000 kHz 

3. 2182 kHz ^ 

4. 8364 kHz 



14-48. International CW/MCW < , 
lifeboat, liferaft, and ^ 
survival craft 



To answer questions 14-49 through 14-51, select 
from column B the frequency that matches the 
description of distress or emergency usage given 
in column A. 



A^. Usage 

14-53.' Ar^international 
• SAR frequency 
used by mobile 
units at a search 
site; also used 
by shore stations 
to communicate 
with aircraft 
proceeding to or 
from the search 
site. CW or voice 



14-54. International worldwide 
voice search and rescue 
use 



A. Usage 

14-49. Joint/combined 
military voice 
aeronautical 
emergency and 
international 
•survival craft 

14-50. FM United States 
voice distress 
and international 
voice safety and 

/ , callir^ 

14-51. Interna.ticyl voice 

aeronautical emefgency 



B. Frequencies 

1. 8364 kHz 

2. Jia^5.MHz 
3/ 156,8 MHz 
4. 243.0. MHz 



B. Frequencies 

1. 3023.5 kHz 

2. 4550 kHz 

3. 123.1 MHz 

4. 138. 7S MHz 



14-52, On what frequency should merchant ships 
make contact with each other? 

1. 318 kHz 

2. 500 kHz 

3. One of the standard frequencies 
reserved for merchant ship message 
traffic 

4. The "merchant ship frequency of the 
day" as designated daily by the 
cognizant NAVCOMMSTA * 



14-55. U.S. military voice SAR on-the-scene . 
use. Also used for direction finding 



Learning Objective: Discuss 
the controT of distress [nessage 
traffic and procedures involving 
the ilnposition of sileace due 
'to a i(istress situat^lon. 

V — :^ : 

14-56. Through V»e International Telecommunica 
tions Union (ITU) regions of the world, 
regu^ periods of silence are observed 
on and immediately adjacent to the 
international distress frequency (a), 
beginning how many minutes ^before and 
after each hour, and (b) for how many 
minutes? 

(a) 10, (b) 2 

2. (a) 10, (b) 3 

3. (a) 15, b 2 

4. (a) 15, (b) 3 

14-57. It is required that how many kHz on 

each side of yhe international distress 
frequency be >Kept clear during silent 
periods? 

1. 10 kHz ^ 

2. 20 kHz 

3. 30 kHz 

4. > -50 kHz 
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14-58. What station Is responsible for the 

control of distress message traffic when 
it (a) does, (b) does NOT involve civil 
aviation? 

K (a) The station Hn distress, butJt 
may be. delegated to another station 
on, frequency, (b) the station 
addressed 

2. (a) The station a<Jjdressed, (b) the 
station in distress, but it may be 

' delegated to another station on 
frequency 

3. Both (a) and (b), the station 
addressed 

4. Both Ca) and (b), the station in ^ 
distress, but it may be delegated to 
another station on frequency 



14-59. 



14-60. 



What is the correct form of a CW distres 
signal, to Impose silence? 

1. CW SOS 

2. CW MAYDAY 

3. QRT SOS 

4. QRT MAYDAY 



What is the correct. form of a voice 
distress signal to impose silence? 

1. SILENCE - MAYDAY 

2. CLEAR CIRCUIT - SOS 

3. CLEAR CIRCUIT - MAYDAY 

4. STOP TRANSMITTING - MAYDAY 



Learning Objective: Give the 
* correct, name of the transmis- 
sion that.pr^ecedes a distress 
call, describe action to be 
taken by a station hearing 
a distress call, and describe 
the setting of the radio upon 
ship abandonment ^or whea 
disaster is imminent. 



14-61. What is the correct name for a transmis- 
sion that precedes a distress call and 
consists of a series of daslies (CW) or 
two sinusoidal tones (voice transmission)? 

1 . Alarm signal 

2. Distress signal 

3. Area alert ^ . 

4. Distress alert " ^ 



14-62. If a station which is sending traffic 
hears a distress call, what action must 
it take immediately? 

1. Turning off its transmitter and * 
receiver in order^not toMnterfere 

. with the emergency transmission 

2. Changing frequency (QSY)and con- 
tinuing to send traffic 

3. 'Calling the station sending the 

distress message and asking the 
nature of the distress, location of 
the unit, and other particulars 

4. Stopping the transmitter, staying ' 
on frequency, and listening 

14-63. Immediately before a ship/aircraft in 
distress is abandoned or an aircraft is 
crash-landed, in what condition should 
the radio equipment be placed? 
1. Continuous emission 
^2. Intermittent emission 
3. P»wer attached, but no emission * 
- 4. Equipment off and unplugged 



^Learning Objective: Des,cribe 
correct procedures related to 
acknowledging the receipt of 
distress traffic, and describe 
the contents of the follow-up 
transmission. 



0 Questions 14-64 through 14-66, relating 
to acknowledging receipt* of a distress 
message, are to be judged True or False. 

^4-64. A mobile station receiVfngSa distress 
message frMi a nearby mobile. station 
must acknowledge receipt immediately, 
assuming proper ""equipment i\ present 
and NO restrictions are imposed. 

14r65.. A' mobile station receiving a distress 

message^from a mobile station not in its.n 
vicinity must acknowledge imm^iatd^y./ 

14-66. A mobile station, aware of an unacknow- 
ledged distress signal but NOT^le to 
render assistance, may transmit a dis- 
tress signal for the station in distress 
rif conditions warrant. 
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14-67. Which of the following transmissions 
portrays the correct format fQr the CW 
acknowledgement of the receipt of a 
distress message? 
• 1. WATER WATER WATER DE FIRE If IRE FIRE 

^ RRR SOS AR 

■\ 2. WATER WATER WATER DE FIRE FIRE FIRE 

RRR RRR RRR SOS SOS SOS AR 
"-N.-^<Jr-WATER DE FIRE RRR' RRR ^RRR SOS AR 
fi. WATER DE FIRE RRR RRR RRR SOS SOS 
* ^ SOS AR , ' 

14-68. Which of the following transmissions, 

portrays a correct format for the voice 
acknowledgement of the receipt of a dis- ' 

t- tress message? 

1. WATER WATER WATER THIS IS FIRE FIRE 
FIRE RECEIVED MAYDAY OUT 

2. A WATER WATER WATER THIS IS FIRE .FIRE 
y^IRE ROMEO MAYDAY- OUT 

3. ^ATER THIS IS FIRE RECEIVED MAYDAY 

OUT ^ ^' 

4. WATER WSTER WAT^R THIS IS FIRE FIRE 

FIRE ROMEO ROMEff ROMEO MAYDAY OVER 

14-69. What information must a mobile station 
which has received a distress message 
give in a follow-up message* and in 
what sequence? 
- 1. Its own identification; the time it 
received the distress message; the 
approximate time it will reach the 
station in distress only 

2. Its own idelntification; the time ^ 
it received the digress message; 
its own position; its speed; the 
approximate time it will reach the 
station in distress 

3. Its own identification; its own posi- 
tion; its speed; the approximate time 

'it will take to reach the station in 
distress; and the true bearings of 
the unit in distress, if available, 
when the position seems do'ubtful ^ 

4. Its own identification; its own posi- 
tion; the time it received the dis-" 
tress messagA; its speed; the 

* approximate time it will take to 

/reach th^ distressed station"; the - 
true bearing ^f the distressed sta- 
tion, if available when the position 
seems doubtfut 

^ V 

Learning Objective: Describe the 
format of transmissions for cessa- 
tion of distress traffic. 



14-70. 



14-71 



What is the correct format for the CW 
transmission for cessation of distress% 
traffic? , ^ . . 

1. CQ CQ CQ DE NEDO END SOS USS AUSTIN 
NEDO QUM Ajr*v. ^ , ^ - 

2. SOS CQ'DfifNEDO 1615Z USS AUSTIN NEDO 
QUM AR f 

.3. sos cq cq cq.de.nedo 1615z uss 

Austin nedo qum ar 
4, sos gq cq cq de.nedq nedo nedo qum 

' AR ' \ 



Which of the following examples is in a 
correct format for the voice transmis- ' 
sion for cessation of distress traffic? 

1 . MAYDAY HELLO ALL STATIONS HELLO ALL 
STATIONS HELLO ALL STATIONS THIS IS 

. FOXFIRE 1615£ BLUEJAY DISTRESS 
TRAFFIC ENDED OUT 

2. MAYDAY CHARLIE QUEBEC THIS IS FOX- 
FIRE lerSZ^UEJAY DISTRESS TRAFFIC 
ENDED OUT ' 

3. HELLO ALL STATIONS HELLO ALL STA- 
TIONS JKIS IS FOXFIRE 1 61 5Z BLUEJAY 
MAYDAY DISTRESS TRAFFIC ENDED OUT 
CHARLIE QUEBEC CHARLIE QUEBEC v 
CHARLIE QUEBEC THIS IS FOXFIRE • 
1615Z BLUEJAY MAYDAY DISTRESS TRAF- 
FlCf ENDED OUT 



4. 



/ 



/ 



Learning 0bjective:t'''nftiscribe 
the composition of and proce- 
dures involved With urgency and 
safety signals. (This objective 
is continued in Assignment 15.) 



What is the CW urgency signal? 

1 . QQQ QQQ QQQ 

2. -UUU UUU U.UU 

3. XXX 'XXX XXX 

4. ZZZ ZZZ ZZZ 



14-73. s What is the voice equivalent for the 



14-72. 



14-74 
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^urgency signal? 

1. DART DART DART 

2. PAN PAN PWv 

3. QUEBEC QUEBEe'OUEBEC 

4. UNIFORM yNIFORM UNIFORM 

_f an operator of a mobile station he^rs 
an urgency signal as he is preparing to 
transmit, what procedure should he fol- 
low immediately? 

1. Changing to another frequency and 
sending his traffic ^ 

2. Listening on the same frequency for - 
at least three minutes 

3. Sending the following transmission:" 
"QRZ QRZ-QRZ DE (call sign) (call 
sign) (call sign) K" 

4. Contacting shore. station and report- 
ing the signal i 

4 V 



5l 



7 
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What Is the CW safety signal? 
1. CCC CCC CCC 
I'l'iTi rH'U'i nnn 

3. SSS SSS SSS 

4. TTT TTT TTT 



/ 
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Assignment 15 



J)istres;s Communications (Continued); Commercial Traffic 
Textbook Assignment; Pages 355 - 377 * * 



Learn if|g t}bjective:'*( Continued) 
Describe the composition of 
and procedures involved with 
urgency and safety signals. 



15-1. What is the voice safety signal? 

1. VENUS VENUS VENUS 

2. METRO METRO METRO 

3. SURETE SURETE.SURETE 

4. SECURITE SECURITE SECURITE 

15-2. Which of the following types of message 
should be preceded by a safety signal? 

1. One that concer^ns navigation safety 
or 'gives a meteprological Horning 

2. One that warns M possible impending 
collision with a/nX)ther mobile unit 

3. One that warns of mines in the area 

4. One that reports the sightingof a 
hostile unit 



To*answer questions' 15-3 through 15-5, select 
from'^colurap B the distress signal use^by mer- 
chant shifts to indicate the class of distress 
\ shown in ^^J^umn A. 



.'-3nswer questions 15-6 and 15-7, select from 
column B the distress signal used by merHhant 
ships to indicate the class of distress shown 
in column A. 



15-8. 



Classes of 
Di stress^ 



15-3. 



Armed merchant 
ship raids 



Di stress 
Signa ls 



1 . AAAA 



15-9. 



15-4. Aircraft 
15-5. Mine 



MMMM 



3. QQQQ 



RRRR 



A. ■ Classes of 
Distr^s:$^ 



B. Distress 
Signals 



15r6v Warship raider^ 
,^S-7. Submarine 



1. 



RRRR 



2. SSSS 



3. 
4. 



wwww 
xxxx 



Learning Objective: Describe 
the requirements for distress 
watches ashore. 



A NAVCOMMSTA that is open to public 
correspondence must maintain, as a 
minimum, a continuous watch on what 



frequency? 




All naval air activities with VHF/UHF 
tower communications capability mu^t 
guard what two frequencies? 
1. 121.5-MHz and 156.8 MHz 
2^ 121.5 MHz and 243.0 MHz 

3. 121.5 MHz and 123.1 MHz 

4. 156.8 MHz and 243.0 MHz 



Learning Objective: Identify 
the location of regulations 
pertaining to coninercial traf- 
fic handling, and state the 
pol i cy Regarding transmission - 
and delivery of commercial 
traffic bV U-S. naval com- 
munications . 
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What publication contains detailed 
coverage of the handling of commercial 
traffic by the U.S. Navy? , 

1. NTP 4 

2. NTP^ 6 

3. NTP. 9 

4. . NWP 4 

Which of the following statements is 
correct regarding the transmission and 
delivery of connerclal traffic by U.S. 
naval coinnunlcatlons?* 

1. All cofflmerclal traffic must be 
transmitted and delivered within 
24 hours 

2. All cormiercial traffic must be 
transmitted and delivered within 
36 hours 

3. Cownercial and official government 
traffic are transmitted, inter- 
mingled, in the sequence in which, 
they aire received 

4. Within regulations, commercial traf- 
fic is handled as rapidly as possi- 

" ble, but off icial government traffic 
has priority, and no guarantee is 
made when (or that) commercial 
traffic will be transmitted 



15-13. 




Objective: BxpJain 
of desinhattao^ioi;,^ 
a J ^iff.ic cT^rR 
ntify his duties. 



(a) By whom, and (b) how should the 
cofimercial traf f ic *tX£rJuJi€ designated? 

(a) By the conmanding officer, ^ 

(b) by oral proclamation and the^ 
pinning on of 'an identification 
badge 

(a) By the commanding officer, 

(b) in writing 

(a) By the communications officer, 

(b) by oral proclamation and the 
pinning on of an identification 
badge 



1, 



2. 



4. 



|a) By the communications officer. 



(b) in writing 



15-14. 



15-15. 



IS-16. 



15-17. 



Which of the following duties is\NOT 
* listed in your textbook as a dutAof 
the. commercial traffic clerk? V 

1. Keeping a complete file of allV 
incoming and outgoing commercial \ 
messages 

2. Maintaining and Understanding all 
instructions and materials concerned 
with handling cornnercial traffic 

3. \ Preparing and posting the communica- 

tions watch bill 

4. Collecting jproper charges and safe- 
guarding funds collected and in his 

*s custodj^^ ' / . 

To whom should the commercial traffic 
clerk forward for Review the prescribed 
reports he preparrds^? 

1. -.The communications officer 

2. The administration officer 

3. The operations officer 

4. The executive officer 



Learning Objective: Explain 
various procedures related to 
conmercial traffic funds. 



X 



Nava^ commercial traffic funds should be 
inspected upon relief of the commercial 
traffic clerk and at what regular time 
intervals? ^ 
1. Every three weeks 
.2. Every month 

3. Every six weeks 

4. Every two months 

The regularly scheduled inspections of 
the naval commercial traffic funds must 
be conducted by whom? 
1. The comrij<jni cations officer and an 
officer he selects 

The officer of the day and the senior 
enlisted man in the communications 
department 

Two officers or senior enlisted 



2. 



3. 



personnel, one (jf whom must be the 
communications officer • 



4. Two officers or senior enlisted 
personnel, one of whom should be 
from the supply department-, if 

possible " 

>^ ' 

If NO irregularities are^round during the 
inspection of cormercf^ funds, what is 
the minimum length <^ time for which the 
report Hnust be retained? i. 



1 . 
2. 
3. 
4. 



60 days 
90 days 
Six months 
One year 
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15-18. 



15-19. 



/ 



If there Are Irregularities di^losed 
during the Inspection of commerciaf 
funds, to what destination must a report, 
accompanied by endorsements,] be sent? 

1. Navy Regional Finance^nter 

2. Director of Naval Gtrtnmunl cat Ions 

3. Federal Communlcatiybn Commission 

4. Naval Telgcoirriunl captions Command 

What Is the maximum amount of commercial 
traffic fj^nds allowed tb accumulate In 
the custody of the commercial traffic 
'^lerk without special approval by 
CtWNAVTELCOM? 



15-21 



15-20. 



J 5-22. 



$50 
$75 
$1 00 
$150 



15-2 



When the time for remittance arrives, 
In what form should deposited funds be 
made available to the commerciaLj:raf f ic 
clerk? 

1. Cash 

2. U.S. Treasury check 

3. Postal Money Orders 

4. Credit vouchers 

Which of the following fees are listed 
in your textbook, 3S authorized expendi- 
tures from naval comm'ercial traffic 
funds? ^ 
1. Ntoney order fees , Tfequi red registra- 

ffees, typewriter and teletype 
ons 
y order fees, required postage 
mailing reports, pencils and 
standard forms for communications 

3. Money order fees, required postage 
for mailing reports, requij::;ed regis- 
tration fees for registeredNiail 

4. Required posUge for mailing reports, 
requ1r^d pos'ftge for mailing Home ^ 
Town News Release forms to home ' 

^ , towns of personnel, required regis- 
tration and insurance fees for 
registered mall 

For which of the following reasons may 
a refund be made' to a person sendNig a 
'\ non-Government message? 

Addressee deceased % 
^. Addressee unknown 

3. Addressee moved 

4 . Ship of range 



How of'ten should reports pf commercial 
traffic be prepared and submitted, 
(assuming that commercial traffic has 
been handled? . — n 

1. Weekly - 

2. Biweekly ^ 

3. Monthly 

4. Quarterly 



15-24. 



15-25. 



15-26. 



16-27. 



Learning Objective: Explain 
serial number assignment and 
report symbol placement, and 
name the reference which con- 
tains Instructions for word 
count. 



If a Class D message, entitled to Class 
E privilege, bears the serial number 
"SRS. 14C," what would be the serial 
numbeK of a second unpaid service mes- 
sage on It? 

1. SRS 14CB 

2. SRS 14C(2) I 

3. .SRS (next available number)C 

4. SRS 14C(SVC2) 

A message, assigned serial number SRS 
12D by the first station by which It Is 
transmitted, would be assigned what 
serial jnumber, if known, by the second 
transmljtting station? 
1 . SRS J^P 



Sf?S 12^A 
SRS 12I>1 
UnknowfT. 



The second station assigns 
a number In sequence with the list * 
bf tjijt station 

) 

Where shou^^d report symbo^is (such as 
NAVCOMRT 7310-1) be placed when a com- 
mercial traffic \epont is filed? 

1. On a log In tlvMjnIt 

2. On the envelope or cover only 

3. On the dbstra^t form only* 

4. On both the envelope or:, cover and 
abstract^ form 

The Navy ^uses two systems of word" count, 
'mest><^and international. Where can 
find detail's on these two systems? 

NTP 4 

2. NTP 6 

3. NTP 9 

4. NWP 4 
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Learning Objective; Define 
Classes A and B messages, and 
explain the system of handling 
abstracting, and accounting 
for messages of these classes 
\yhf1ch require conmercial filing 
or refil ing. 



15-28. Which of the following descriptions 
correctly identifies Classes A and B 
messages* 

. 1. Offici«al U;S, Government messages 

' . 2. Toll-free personal messages 
' . 3. Personal messages subject to tolls 
4. Pres^ releases 

15-29, When a Class A or B message originating 
from or addressed to a person outside 
the U.S. is filed'with a commercial 
company, to what facility should it 
ordinari.ly be sent first f»or relay? 

1. The U.S. military communications 
facility nea'rest the point of 
destination 

2. The U.S. military communications 
facility nearest the point of origin 

3. The commercial communications office 
nearest the point of destination 

4. The U.S. Navy Overseas *^ntrol 
Facility in San Diego or Norfolk 

15-30. When a meVsage is refiled by "a shore 

station within the conti nental' U. S . and 
addressed to a point in (a) Canada, 
(b) Cuba, or (c) the Saint Pierre- 
Miquelon Islands, should domestic or 
' international form ^nd word count be 
used? 

a) Domestic, (b) international, 
,c) international 
(a) International, (b)' inter- 
national , (c) international 

3. '(a) Domestic, (b) international, 
(c) domestic 

4. (d) Domestjic, (b) domestic, 
(c) international 

15-31. When a message is refiled by a shore 

station outside the continental U.S. and 
addressed to a point in (a) Hawaii, 
(b) Canada, or (c) San Diego, should 
domestic or international form and worj(y 
count be used? 



1 , 



2. 



(a 
(c 
(a 
(c 
(a 
(c 
(a 
(c 



International 
domestic 
International 
i nternational 
Domestic, (b) 
domestic 
Domestic, (b) 
domesti c 



(b) 
(b) 



international 



i nternational 



15-32. When the point of refile is treated as 
the point of origin, where in the mes- 
sage, if anywhere, is the point of aclkial 
origin shown? 

1. After the signature 

2. Immediately afteAthe date in the 
7 heading ™ 

3. In parentheses at the beginning of 
the first line of text " ' 

4. Nowhere • ^ 



To answer questions 15-33 through 15-35, seltct 
from column B the report form on which the r^ort 
described in column A should be prepared. 

A. Report B, Forms 
Descriptions . „ 



15-33. Report of out- 1. Speedletter 

going Classes A Form 2065 

and B and official 

radiotelephone 2, NAVCOMPT 2065 

messages from a 

Navy ship to a 3. NAVCOMPT Form 

commercial shore ' 2132 
radio station 

15-34. Report of incoming 

Classes A and B messages 
received by Navy ship^ 
from commercial shore 
stations 

15-35. Report of Class B messages 
refiled with commercial 
communication companies by 
naval shore stations which 
are designated commercial 
refile activities 



15-36. How many copies, if any, of each message 
reported must be sent with the monthly 
report of Class B/messages refiled by. 
commercial refile activities? 

1 . One 

2 . Two 

3. Three 

4. None ?L. 



Learning Objective: Define Class 
D messages, and explain the system 
of handling, abstracting, and 
accounting for them. 



international 



dome St i c , 
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15-37. Which of the following descriptions 

correctly Identifies Class D messages? 
^ . K Official messages ot the Department 
Qf Defense j 
2. Off1Ci€i|messages of U.S. Government 
* ^^P^CiSsS''^^^*'^ agencies other than 
the^SJwTOien^^df 
'3. Non^GoVerhment messagH?-^^y e.ct to 
tolls 

Toll -fret non-Government messages - 



15-39. 



15-40. 



On board U.S. Navy ships, who /1s respon,- 
sible for approving Class D messages? 

1. The coirniandi-ng officer or an officer 
designated by him f 

2. The executive officer or/an officer 
designated by him I 

3. The communications officer or an 
officer designated by him 

4. The cortimerc^ial traffic clerk 

On board^.S. Navy ships, who determines 
the wori^.count and associated charges 
for Class^ D messages? 

1. The communications officer 

2. The assistant communications officer 

3. The fiscal accounting clerk 

4. The commercial traffic clerk 

If doubt exists as to the proper charge 
for the transmission of a Class D mes- 
sage, and the unit is unable to obtain 
such information by a rate request, 
what charge, if any, should be collected 
at the time the message is filed? 

1. The maximum charge 

2. The minimum charge 

3. The charge thought to be correct 

4. None 



NR3 CK? DL NAVSTA ADAK 12 MAR 78 1103 AMC 
DAVID CHRISTOPHER INC 
TULSA OKLAHOMA 

YOUR RECOMMENDATION IS REQUESTED REGARDING 
OPTIMUM THICKNESS OF ALUMINUM FOR PURPOSE 
PREVIOUSLY DISCUSSED. S. JERNIGAN 



Figure 1 5A 

0 In answering question 15-41, refer to 
figure 15A. 

15-41. Hgw many chargeable words or groups are 
irt^the preceding Class D message, 
domestic form? 



13 
15 
20 
21 



PCH DE NMIB NR4 INTL USS AMERICA/NMIB CK? 
^2 1350 • 

BT MP BT ' ' 

WAYNE JACOBS 

1423 WESt/aTRICKST ^ 

SANDiEdiy- 

SELL HOUSE ON FIREFLYBLVD AT PRICE-QUQTED BT 
SEAN GABRIEL AR NMIB K ' 



Figure 1 5B 

^ In answering question 15-42, refer to 
• figure 158. 

15-42. How many chargeable words or groups are , 
in the preceding Class D message, 
international form? 
1.7 

2. 9 

3. 14 

4. 15 

15-43. If the first line of a domestic form 

message reads "NR4 CK16 DL NAVSTA ADAK 12 
MAR 78 1115 AMP," what^information is 
relayed by "AMP"? 

1. "A" indicates that this is a Class A 
message; "M" indicates it was 
handled by military communications; 
"P" indicates it is a press release 

2. "A" indicates this is a Class A 
message; "MP" is a service indicator 

3. "AM" indicates the message was filed 
in the morning; "P" indicates this 

*is a paid commercial message 

4. "AM" indicates the message was filed 
in the morning; "P" indicates the 
time zone is Pacific 

' Questions 15-44 and 15-45, on the subject 
of abstracting Class D message^, are to 
be judged True or False. W 

15-44. On a regular basis, ships that collect 
money for the handling of Class D mes- 
sages submit checks or money orders made 
out to the commercial companies involved. 

15-45. . A unit must report all Class D messages 
filed with it for which it has received 
payment for transmission, but need NOT 
report service messages or Class D mes- 
sages that it has received over Navy 
c i rcu i ts . 
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15-48. 



15-49. 



n^sh 



in 
ship 
ass 



15-46. Which of the following example 
the correct format for report irf 
identification on an abstract o 
*D messages? 

1. NJFK/USS JOHN F KENNEDY 

2. USS JOHN F KENNEDY/NJFK 
. 3. NJFK 

4. USS JOHN F KENjlEDY 

15-47. A inesVage*Ydenir<f led by '"S*'H" at the 
beginning "and end of the preamble has 
absolute priority of transmission. For 
what is "SVH" always an identifier? 

1. Safety of Life Messages 

2. Special Vessel Handl ing^Message 
-^3. Submerged Vessel Sighting Report 

^4. Sinking Vessel Alarm 



^ Inform* 

\ D messag 
as filed aboard 
another naval ^hip 
mercial shore station 
del ivered by a long- 
telephone. 




for question 15-51: A Class 
titled to Class E privileges 
It was transmitted to 
fih relayed it to a com- 
The message was then 
tance call on commercial 



will the sender be 



15-50. 



Charges for commercial messages are sub- 
ject to change. What publication (with 
up-rto-date changes) /^Should be consulted 
for rate information? 



15-51 . For what service 
charged? / 

1. The transmission and relay service 
of the Navy, the receipt chargers, of 
the commercial station, and the long- 

^ distance telephone charges 

2. The receipt charges of the commercial 
station and the long-distance tele- 
phone charge only 

3. The receipt charges of the commercial 
station only 

4. The long-distance telephone charges 
only 



1 . 
2. 
3. 
4. 



NTP 4 
'NTP 6 
NTI^ 9 
NWP 4 



*4 



^ 'Information for question 15-52: Included 
with the-monthly report of Class D mes- ' 
sages entitled to Class E privileges must be a 
"^copy of each message, with an attached QSJ or 
service message, 



Learning Objective: Define 
Class D messages entitled to 
Class E privilege, and explain 
the system of handling, ab- 
stracting, and accounting for 
them. 



Which of the following correctly 
describes a Class D message entitled 
to Class E privilege? 

1, An emergency message filed by the 
Red Cross 

2. A message which, because of the 
geographical locati^on of its addres- 
see, can not be sent as Class E, 
although its contents meet the 
provision of that class 

1. An official Government message which 
is placed ahead of all other Class D 
messages for earlier transmission 

4. A message concerning the health or 
life of a member of the immediate 
family of a member of the U.S. Navy 

What symbol is placed as the first word 
in the text to identify a Class D mes- 
sage entitled to Class E privilege? 

1 . COMLE 

2. QSJ 

3. PARLE 

4. DPRIE 



15-52. What is the fjSJ or service message? 

1. A ^report of delivery 

2. Ay record of the DTG\^nd word count 

3. ^ rate request 

4. 1\n authorization for transmission 

15-53. Which of the following statements rela- 
tive to the remittance, if any, which 
accompanies the abstract is correct? 

1. Included should be a check or money 
order payable to Navy Regional 
Finance Center 

2. Included should be two checks or 
money orders, one to Western Union 
Telegraph Company, and one to the 
applicable telephone company 

3. Included should be a check or money 
order^payable to Western Uhion Tele- 

. graph Company only 

4. No rentittance should accompany this 
abstract 
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15-54. WhiQh of the following statements 

reflects the normal p^cetime policy of 
Navy handling oif press releases from 
correspondents aboard Navy ships at sea? 
1. Press releases are processed as 

qirfckly as posswe after the trans- 
mjJfrstOTl of all messages filed by 
/^-^val personnel 
^ Operational messages have priority; 
then, all other, messages , including 
press releases, are sent on a 
"first-come, first-served" basis 
Press releases take precedence over 
all messages except emergency mes- 
sages (distress, etc.) 
Press releases take precedence 
^-^Irnnediately after operational 
messacfes 



15-57. 



3.. 



4. 



15-55. Which of the following service indica- 
tors could properly be used on a press 

^ release for which payment has NOT been 

m^de, being sent directlV to or from a 
qjjntinental U.S. niival station and 
handled commercially by the Western 
Union Telegraph -^mpany only? ^ 

1 . DPR COLLECT 

2. DPR ^ 

3. PRESSE COLLECT , 

4. PRESSE I^R COLLECT 

15-56. Which of the following^ statements cor- 
rectly reflects a proc^edure that is 
utilized for collection of tolls for a j 
press release? / 

1. The commercial charges must be pavfi 
in advance, but the Navy charges/ 
may be either paid in advance on 
charged to a newspaper or news ' 
association / 

2. T+ie Navy charges must'be paid 'in 
advance, but the commercial charges 

' may be either paid in a'dvance or 

charged to a newspaper or news 
association 

3. The entire toll may be charged, in 
which case the Navy Regional Finance 
Center is responsible for collecting 
the entire toll and making proper 
remittance to the commercial car- 
riers 

4. The entire toll may be charged, 
in which case the Navy Regional 
Finance Center is responsible for 
collecting the Navy tolls, and the 
commercial carriers are responsible 
for collecting the commercial tolls 




What letter is added to a serial number 
to itl^ntify the re;yated message as a 
press release? 

1. C 

2. M ^ 

3 . P 

4. X 



Learning Objective: Explain 
the system of handling, 
abstracting, and accounting 
for Class E messages. 



Which of the following descriptions 
correcitly characterizes Class E 
messages? 

1. They are primarily Government mes- 
sages negated to stores and supplies 
-Jhey are primarily GovOTiment mes- 
sages related to operational tactics 
They are primarily personal Messages 
sent by .naval personnel 
They are personal messages sent 
approximately equally from Arn\y, 
Navy, and Air Force personnel, and, 
a lesser degree, from other 
bers of the Armed FoM^ces 
C . > 

Where are the refile J)oints for Class E 
messages from and addressed to authorized 
persons on board ships and at overseas 
duty stations? 

1. San Diego, CA and Washington, DC 

2. San Diego, CA and Norfolk, VA 

3. Stockton, CA and Washington, DC 

4. Stockton, CA and Norfolk, VA 



15-60. Why are there charges for* some Class^E 
messages and NOT for others? 
T. fThose sent entirely on Navy circuits 
are toll-free; others, sent entirely 
on commercial circuits, have tolls 
assessed | 

2. Those sent entirely on Navy circuits 
are toll-free; others, sent partiajly 
pn commercial circuits, have tolls 
assessed for the commercial service 

3. This service is free to active-duty 
Navy personnel; tolls are collected 
from other users 

4. Fees .are assessed for sending mes- 
sageS^o or from an overseas station; 
other messages are toll free ^ .. 

15-61. What are the indicators, if any, used to 
distinguish (a) telegrams, and (b) over- 
night telegrams? \ 

1. (a) None, (b).NL 

2. (a) None, (b),OT 

3. (a) Ti (b) none 

4. (a) T, (b) OT r 



\ 



147 



55 



0 



ERIC 



15-62. The minimum charge, is for how many 

words for (a) a (full-rate) telegram^ 
and (b) an Ivernlght telegram? 

1. (a) 8, (b) 75 

2. (a) 10, (b) 100^ ' ^ 

3. (a) 12, (b) 75 ^ 

4. (a) 15, (b) 100 

15-63. Which of the following statements rela- 
tive to the remittance, if any, which 
accompanies the Class E message report 
is correct? 

1. Included should be a check or money 
order payable to Navy Regional 
Finance Center 

2. Included should be tv/b checks or 
money orders, one ]to Western Union 
Telegraph Company, and one to the 
applicable telephone company 

3. Included should be a check or money 
order payableMx) Western Union 
Telegraph Cora^fmy only / 

4. No remitt>a(5e should be, if^cl udeo 
with this report 



15-65. 



Learning Objective: Define 
coastaWiarbor radiotelephone 
service and explain procedures 
relative to its use. 




What is coastal 
service? 



^^rbor radiotelephone 



A telephone ffl^&mmunication service 
over naval circuits between, and 
limited to, ships and the operatin^g^' 
departments at their home ports 
A telephone communication service 
over commercial circuits between, 
and limited to, coastal naval sta- 
tions and naval vessels within a 
few hundred mile^of the shore 
A telepnone cormunication serv^^ce 
over naval c ircui ts vbetween , and 
limited to, coastal naval stations 
and naval vessels wf-^^ a few hun- 
dred miles of the shore 
A telephpoe^comnunication service 
over cpfTfmercfJrl circuits between 
naval/vessel s v^ithin a few hundred 
mil^ o,fithe shoV^ and any land- 
based telephone ^ 



15-66. 



With certain limited exceptions, are f 
harbor radiotelephone calls (a) incoming 
to or outgoing from the ships, and (b) 
usually prepaid or collect? 
r. (a) Outgoing'*frbm the ships, 

(b) collect 
"2. (a) Outgoing from the ships, 

(b) prepaid 

3. (a) Incoming to the ships,, 
(b) collect 

4, (a) Incoming to the ships, 
(b) prepaid 

(a) What publication shows the division 
oLxfJa^'^l waters into rate areas for 
coastal Iwbor radiotelephone service, \, 
and (b) fjiiom whom may rates be requested - 
if assistance is required? 



1. ( 



2. 
3. 

4. 



a) NTP 4, 
operator 
(a) NTP 4, 
(a) NTP 9, 
operator 
(a) NTP 9, 



(b) the nearesit commercial 



(b) 
(b) 

(b) 



the marine operator 
the nearest commercial 



thi 



marine operator 



Learning Objective: Explain 
procedures relative to the 
high seas radiotel ei^hone 
service. 



^ 'Questions 15-67 through 15-69, relative 
, to high seas radiotelephone service, 
are to be\)udged True or False. 

15-67. Authorization and availability of high 
seas^adiotel ephone service are the 
same as that of harbor radiotelephone 
service, jbut 1;Jtiere are some additional 
1 imitatiohs-^tmospheric, etc.) due. to 
the additiShal distance involved. 

15-68. When high seas radiotelephone is uti- 
lized, an appijpximation of the bearing ^ 
of the ship t^the shore station is 
furnished. 

15-69. Normally, all calls from ships using the 
high seas radiotelephone service are made 
prepaid. 

15-70. In what publicatiojn are operating fre- 
quencies and land/and ocean rac^^reas . 
associated with hT^h^^seas r|dioterephon^'^' — 
contai ned? 



NTP 9 

NTP 2 

NTP 3 

NTP 4 
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A FINAL QUESTION ; What did you think of this course? Of the text material used 
with the course'^ Comments and recommendations received from enrollees have been / ' 
a major source of cdurse improvement. You and your comamand are urged to submit your 
constructive criticisms and your recommendations. This tear-out form letter is 
provided for your convenience. Typewrite if possible, but legible handwriting is 
acceptable . . 

Date 



From: 



J ZIP CODE_ 



To» Naval ^Education and Trainings Program Development Center (PD9) 
Building 942 
Pensacola , Florida 32509 

Sub j : NRCC RADIOMAN 3 & 2, NAVEDTR;!'. i0228-G 

1. , The following comments are hereby submitted: 
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